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Part  2 

Trackway  Inspection  and  Evaluation 


Section  2.1 
CABLE 

About  55,250  ft  of  cable  are  used  for  the  three  lines  — 
18,000  for  the  combined  Powell- Mason ,   15,750  for  the  Hyde,  . 
and  21,500  for  the  California. 

2.1.1  Description 

The  cable  is  specified   (see  Attachment  2.1. A)   to  be  1-1/4  in. 

in  diameter   (minimum,  1-9/32  in.  /sic/;  maximum  1-3/8  in.) 

and  is  composed  of  six  0.419  in.   strands,  each  containing 

19  mild  plow  steel  wires,  wrapped  right  lang  lay  around  a 

sisal  core.     It  weighs  about  2.63  lb  a  ft.     Diameters  of  the 

wires  are:     Center,   0.076  in.;  center-covering,  0.074  in.; 

outer  layer   (as  laid)   —  three  0.122  in.,  six  0.098  in., 

two  0.098  in.,  one  0.112  in.,   two  0.098  in.,  and  one 

0.112  in.;   intermediate  layer  filler  three  0.036  in.  adjacent 

to  two  0.098  in.  and  two  0.074  in.    (inside).  Composition 

of  center,   filler,  and  intermediate  wires  ranges  from 

AISI  C-1034  to  C-1054.     Outer  wires  range  from  AISI  C-1030 

to  C-1054;  C-1030  is  preferred  to  prevent  excessive  martensite 

transformation.     Wire  tensile  strength,  130,000  to  210,000  psi  , 

with  maximum  +    15  percent  variation  in  any  one  wire  size. 

Maximum  torsion,  32  revolutions  per  100  wire  diameters  length. 

Minimum  breaking  strength,   82,000  lb;  maximum,   100,000  lb. 

Rope  lay,   about  8.5  in.   Strand  lay,   about  3-1/4  in.  Helix 

height,   about  1-5/32  in.  Wire  spacing,   about  0.002  in. 
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Strand  spacing,  about  0.008     in.     Core  diameter,  about 
5/8  in.,   composed  of  three  strands  right  lay. 

Strands  thoroughly  impregnated  with  heavy  pine  tar  during 
fabrication  of  rope.      (Heavy  pine  tar  is  also  applied  by 
drip  feeding  for  external  lubrication.) 

A  new  cable  is  installed  by: 

(1)  Cutting  the  old  cable  in  the  machinery  room  at 
the  car  barn; 

(2)  Attaching  the  incoming  end  of  the  old  cable  to 
the  rewinding  machinery   (take-up  reel)   by  means 
of  a  short  splice  ; 

(3)  Splicing  the  outgoing  end  of  the  old  cable  to  the 
new  cable  on  its  shipping  reel; 

(4)  Removing  slack  from  the  system; 

(5)  Pulling  the  new  cable  into  the  system  by  running 
the  winding  machinery  at  half  speed; 

(6)  Winding  the  old  cable,  as  it  comes  off  the  winding 
machinery,  onto  the  take-up  reel  of  the  rewinder; 

(7)  Stopping  the  winding  machinery  when  the  end  of  the 
new  cable  enters  the  cable  machinery  room,  letting 
slack  into  the  system,  and  making  an  80  ft 
(California  type)    splice;  and 

(8)  Removing  slack  as  the  new  cable  is  placed  in 
service . 
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Although  splicing  follows  a  set  procedure,  skill  and 
knowledge  are  required  to  make  the  splice  uniform  with  the 
diameter  and  lay  of  the  cable  —  and  to  maintain  it. 

2.1.2  Inspection 

Rope  life  varies  by  line.     Maintenance  records  state  that 
averages  for  the  period  1975-1978  were:     Powell-Mason  line 
(including  separate  Powell  and  Mason  ropes  before  April  1977)  , 
48  days;  Hyde  line,   56  days;  California  line,  222  days. 
Chart  1,  below,  shows  the  life  of  each  cable  during  the 
period,  and  Chart  2  shows  the  total  ft  used  for  each  year. 
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Chart  1 


CABLE  LIFE 
(1975-1978) 


Powell  Line  Hyde  Line 

Installed  Days  of  Installed  Days  of 

Date   Cable  No.  Service  Date  Cable  No.  Service 


1/18/75 

111 

83 

4/1/75 

113 

91 

7/1/75 

120 

87 

9/26/75 

127 

69 

12/4/75 

123 

82 

2/24/76 

135 

83 

6/24/76 

128 

54* 

8/17/76 

137 

77 

11/2/76 

143 

79 

1/20/77 

146 

78** 

Mason 

Line 

1/28/75 

107 

107 

5/15/75 

116 

132 

9/23/75 

122 

104 

1/5/76 

129 

131 

6/22/76 

134 

70* 

8/31/76 

139 

128 

1/6/77 

144 

92** 

Powell-Mason  Line 

4/8/77 

152 

46 

5/24/77 

150 

44 

7/7/77 

155 

54 

8/30/77 

157 

56 

10/25/77 

159 

47 

12/14/77 

162 

19 

1/10/78 

163 

18 

1/28/78 

164 

38 

3/7/78 

166 

63 

5/9/78 

168 

60 

7/8/78 

173 

80 

9/26/78 

171 

84 

12/19/78 

1 

1/6/75 

115 

65 

3/12/75 

117 

62 

5/13/75 

119 

63 

7/15/75 

121 

41 

8/28/75 

124 

13 

9/23/75 

125 

43 

11/4/75 

126 

35 

12/19/75 

131 

42 

1/20/76 

133 

59 

3/20/76 

136 

49 

6/15/76 

138 

47 

8/6/76 

140 

47 

9/22/76 

142 

50 

11/10/76 

145 

38 

12/18/76 

147 

59 

2/15/77 

149 

63 

4/19/77 

151 

63 

6/21/77 

154 

41 

8/1/77 

153 

46 

9/16/77 

158 

67 

11/22/77 

160 

43 

1/12/78 

161 

68 

3/21/78 

165 

75 

6/3/78 

169 

91 

9/2/78 

172 

87 

11/24/78 

174 

California  Line 


7/8/75  HE  290 

6/2/76  130  18? 

12/7/76  132  23b 

10/4/77  156  220 

5/20/78  167 


Stranded 

Combined       April  1,  1977 


Chart  2 
CABLE  USED 


Cable  Lenqth  (ft) 


1975 


1976 


1977 


19  7  5 


TOTAL 
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2.1.3  Evaluation 

Evaluation  of  the  cable  is  based  on  observation  of  the 
installation  of  new  cable,  splicing,  and  maintenance  and 
inspection  practices  and  on  review  of  cable-life  records, 
purchase  specifications,  and  methods  of  fabrication.  Useful 
cable-life  is  shortened  by: 

o     Reduction  in  diameter  due  to  wear; 

o     Fracturing  of  individual  wires,  which  loosens  wires 

and/or  strands; 
o     Damage  due  to  improper  procedures  by  gripmen,  such 

as  failure  to  drop  cable  at  let-go  points;  and 
o     Failure  or  separation  of  the  splice. 

Higher  carbon-content  wires  are  used  in  the  cable  to  impart 
strength  and  resistance  to  wear.     Lower  carbon-content  steel 
wires  are  used  to  impart  flexibility  and  reduce  the  tendency 
to  fracture.     Carbon  content  of  the  steel  is  usually  0.35  to 
0.50  percent  for  inside  wires  and  0.30  to  0.45  percent  for 
outside  wires. 

Cable  fabrication  commences  with  1/4  in.   diameter  steel  rods 
containing  specified  amounts  of  carbon,  manganese,  phosphorous, 
and  sulfur  for  both  outside  and  inside  wires.     For  outside 
wires,  the  rod  is  drawn  five  or  six  times  to  reduce  the 
diameter  to  from  0.112  in.   to  0.098  in.     For  inside  wires,  rods 
are  drawn  three  to  seven  times  to  reduce  the  diameter,   then  are 
annealed   (a  lead-patenting  process)   and  drawn  thirteen  times  to 
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achieve  the  0.036  in.   diameter  of  filler  wires  and  eight 
times  to  obtain  the  0.076  and  0.074  in.  diameters  of  the 
center  wire  and  intermediate  wires.     The  closing  ("spinning") 
of  the  strands  and  then  the  cable  requires  art  and  experience 
to  produce  a  cable  of  uniform  diameter.     The  finished  diameter 
is  affected  by  the  presence  of  kinked  wires  during  the 
closings,   the  thickness  and  uniformity  of  the  lubricant  used 
during  the  closing,   and  the  pressure  applied  to  the  squeeze 
rollers  in  closing  the  strands  against  the  core. 

The  MUNI  purchase  specifications  dated  September  1971  are  too 
broad  and  do  not  clearly  identify  for  the  suppliers  the 
desired  product  or  its  intended  use.     For  example,  the 
specification  for  outer    (crown)   wires  is: 

AISE  C-1030  to  C-1045;   C-1030  range  preferred 
so  that  outer   (crown)   wires  shall  have  carbon 
content  sufficiently  low  to  avoid  excessive 
martensite  transformation  upon  friction  gripping. 

The  statement  is  misleading  in  that  C-1030  wires  wear  quickly 

and  do  not  provide  the  strength  required  to  prevent  the 

splice  from  pulling  apart.     Martensite  transformation  takes 

place  only  if  a  temperature  above  1300°  F  is  maintained  long 

enough  for  formation  of  austenite  and  if  there  is  subsequent 

rapid  cooling.     The  friction  gripping  of  the  cable  is  believed 

to  generate  temperatures  above  1300°  F,  and  cooling  by  air 

occurs  rapidly.     For  steel  with  carbon  content  of  0.2  percent 

or  more,   this  is  sufficient  to  produce  matensite  transforma- 
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tion,  but  the  martensiting  effect  on  the  cable  of  0.30,  0.45, 
or  0.54  percent  carbon  content  is  not  known.     Recent  use  of 
lower  carbon-content  C-1030  crown  wires  resulted  in  cables 
of  extremely  short  life  due  to  rapid  wear  and  the  tendency 
of  the  splices  to  pull  apart. 

While  internal  lubrication  of  the  cable  with  pine  tar  is 
satisfactory,   external  pine  tar  lubrication  accumulates  in 
the  channel,  blocking  drainage  and  causing  pulley  malfunctions, 
and  coagulation  when  the  cable  is  not  running  at  night  causes 
an  excessively  high  coefficient  of  friction  with  the  pulleys 
at  the  morning  startup  and  a  consequent  overload. 
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Attachment  2.1. A 


2-1-9 


CITY  &  COUNTY  OF  SAN  FRANCISCO 
PURCHASING  DEPARTMENT 


SPECIFICATIONS  FOR  CABLE  CAR  CABLE 
September  1971 


GENERAL    (1.2;  2;  3.11.2) 

Wire  rope  furnished  under  this  specification  shall  be  1-1/ V  diameter, 
in  accordance  with  Federal  Specification  RR-UlOc  for  Type  I,  class  2 
cable,  except  as  hereinafter  provided.    Numbers  in  paranthesis  following 
titles  and  subtitles  refer  to  RR-W-IjIOc. 

The  cable  vill  be  used  for  cable  car  propulsion  using  friction  grips 
that  are  engaged  and  disengaged  in  service. 

MATERIALS    (3.1;  3.2;  3.3;  3-9;  3.11.2;  Table  XXXLX) 


Core : 

Fiber  core  shall  be  made  of  sisal  (African,  Java,  Mauritius,  Mexican  and 
Yucatan);  fiber  shall  be  best  quality  used  commercially  for  the  manufac- 
ture of  fiber  cores,  and  shall  be  thoroughly  cleaned  and  free  from  waste. 
Core  shall  be  the  firmer  type  of  sisal»  Pirie  tar  coated  and  wiped. 

Polypropylene  fiber  core  shall  be  pine  tar  coated  and  wiped  polypropylene 
of  best  wire  rope  quality.     It  shall  be  assumed  that  natural  fibers  are 
being  specified  unless  polypropylene  is  specifically  mentioned  on  purchase 
order. 

Wires :      Composition  of  vires  shall  be  within  following  limits.  Exact 
composition  depends  upon  chemistry,  heat  treating  or  patenting  practice 
and  wire  drawing  practice. 

Center,  Filler  &  intermediate  vires  - 

AISI  C-1031*  to  0-105*4 

Outer  (crown)  wires  - 

AISI  C-1030  to  C-10i;5;  C-1030  range  preferred  so  that 
outer  (crown) wires  shall  have  carbon  content  sufficiently 
low  to  avoid  excessive  martensite  transformation  upon 
friction  gripping. 

Minimum  wire  tensile  strength  130,000  psi 

Maximum  wire  tensile  strength  210,000  psi 

Maximum  variation  in  strength  in  any  one  wire  size  +  13% 
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Steel  micro  structure  -  euctoid  ferrite,  cold  vorked,  preferred. 


Minimum  torsion  for  outer  vires  -  32  revolutions  per  100  wire  diameters  lengtl 

All  vires  meet  AISI  vire  rope  steel  speci f icaitons  for  mild  plow  steel, 
except  as  herein  specifically  modified. 

3.     CABLE  MECHANICAL  PROPERTIES 

The  finished  cable  shall  have  a  minimum  accepted  breaking  strength  of 
£2.00D  ouunos.  Design  strength  snaxx  oe  approximately  90,000  pounds, 
ana  creaking  strength  shall  not  be  more  than  100.000  pounds. 

h.     FABRICATION     (3.^;  3-6;  3-10;  3.11.2) 

Wire  Rope:     Wire  rope  shall  consist  of  six  strands  closed  around  a  fiber 
core.    Each  strand  shall  be  fabricated  in  one  operation. 

Preforming:     Preforming  shall  be  such  as  to  hold  the  strands  together, 
but  shall  be  shallov  enough  to  facilitate  the  making  of  an  endless 
con stent -diameter  tuck-type  splice. 

Lays :     Both  the  vire  in  the  strands  and  the  strands  in  the  rope  shall  be 
laid  to  the  right  so  as  to  make  a  right  lang  lay  wire  rope. 

Lubri cation:    Wire  rope  strands  shall  be  thoroughly  impregnated  vith  heavy 
pine  tar  during  fabrication.    -Ko  petrol eum-n as e  luDricant  shall -be  used 
on  strands  during  assembly.    Pine  tar  shall  be  of  naval  stores  origin. 

5.     CONSTRUCTION     .  .   1  ' 

Wire  rope  shall  haver-six  strands  of  -sixteen  main  vires  and  ^hree . filler 
vires.  Center  vire  shall  be  67076"  diameter.  The  center  vire  shall  be 
covered  by  ^six  vires  diameter .     The  outer  layer  shall  consist  of 

three  O. 11£-"  dia.  vires  fc-'six  0.098*  dia.  vires  laid  in  a  modified 
Warrington  pattern,  "tvo  0.-098","  one -0.-112.,' '  tvo  £.-098"  and  one  0,112.." 

There  shall  also  be  three  0.036"  diameter  filler  vires  in  the  intermediate 
layer  adjacent  to  tvo  0.098"  diameter  vires  and  tvo  0.07V  diameter  inside 
vires . 

Tolerances :    All  vires  in  the  rope  shall  conform  to  the  diametral  tolerances 
for  uncoated  rope  vire  in  the  current  specifications  of  the  American  Iron 
and  Steel  Institute  Wire  Tolerances  and  Sizes. 

Rope  Lay:    -Approxi m at  ely  8.5." 

Rope  Diameter:     1-1 /'If"  diameter  vire  rope  shall  be  1-3/8"  maximum  diameter 
and  1-9/32"  minimum  diameter. 


Strand  Diameter:  -Approximately  -0 . h  1 9 " 
Strand  Lay:    ^proximately  3-1/%*' 
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Helix  height:     Approximately  1-5/32" 


Wire  spacing:     Approximately  0.002" 
Strand  spacing:  .  Approximately  0.008" 

Core  diameter:    57 8* '  nominal ,  composed  of  three  strands  right-lay. 

CA3LE  LENGTHS 

Cables  must  be  furnished  in  the  following  continuous  lengths  (without 
splices ) : 

Minimum  Standard  Cable  Lengths  Cable  Designation 

9,150  Feet  Powell 

10,150  Feet  Mason 

15,700  Feet  Hyde 

21,500  Feet  California 

Lengths  shown  are  at  70°  F.    Payment  will  be  upon  standard  length  only. 

REELS  (5) 

Cables  are  to  be  furnished  on  stout  reels,  conforming  to  the  following 
limiting  dimensions,  which  are  governed  by  existing  equipment  used  to 
handle  and  control  the  reels  of  cables. 

Diameter  of  barrel 
Maximum  flange  diameter 
Maximum  reel  width 
Minimum  reel  width 

Arbor  hole 'size 
Minimum  rim  width 
Size  of  dog  pin  holes 

adjacent  to  arbor  hole 
Distance  from  center  of 

arbor  hole  to  center  of 

pins 


1*7"  minimum 
108"  (9'  -0") 
96"  (8'  -0") 

87"'  (71  -3")  California  &  Hyde  Cables 
72"  (6'  -0")  Powell  &  Mason  Cables 

3" 

2-1/2"  diameter 


Empty  reels  shall  be  picked  up  at  Contractor's  expense,  for  reuse  or 
disposal.     Feel  will  be  stopped  braking  against  rim  of  head,  as  well  as 
by  square  arbor  and  dog  pins. 

MARKING  MP  TESTING    ( k ) 

A  metal  tag  shall  be  attached  to  the  outer  end  of  each  reel  of  cable, 
stating  cable  length,  size,  grade,  and  rope  serial  number;  there  shall 
be  another  blank  metal  tag  with  space  for  date  installed,  line  and  rope 
serial  number. 
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Certificates  of  manufacturing  test  results  shall  be  made  available  to  City 
u-oon  request,  including  records  of  steel  heat,  billet,  rod  and  vire  history, 

physical  properties,  and  chemistry. 

The  test  methods  shall  be  to  ANSI,  AST?',  AISI,  or  other  United  States,  neasu 
ing  techniques,  insofar  as  possible. 
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Section  2.2 
CONDUIT 

2.2.1  Description 

There  are  four  types  of  conduit   (For  locations  see  Figure  2. 2. a). 
California  Line  1877    (see  Figure  2.2.b) 

Installed  about  1877  on  California  St  west  of  Kearny  St; 
slot  rail  supports  modified  in  1957  to  permit  use  of 
bottom  grip.     Walls  concrete  throughout.     Yoke  formed  of 
40-  or  50-lb  Tee  rail  bent  into  shape  of  horseshoe,  with 
two  1/2  x  3-1/2  in.   flat  bar  braces  supporting 
3-1/2  x  3-1/2  x  3/8  in.  horizontal  Tee,  to  which 
3-1/2  x  3-1/2  x  1/2  in.   angle  chairs  are  bolted;  yoke 
imbedded  in  walls,  but  base  of  Tee  rail  and  one  face  of 
braces  exposed  to  channel    (cavity).     Conduit  width, 
about  53  in.     Conduit  depth,  about  36  in.  Channel 
(cavity)  maximum  width,  about  16.5  in.     Channel  depth, 
about  22  in. 

California  Line  1890    (see  Figure  2.2.c) 

Installed  about  1890  east  of  Kearny  St  and  on  Hyde  St. 
Walls  concrete  throughout.     Yoke  consists  of  rivet 
connected  sections,   including  a  3  x  3-1/2  in.   angle  as 
base,  two  vertical  2-1/2  x  2-1/2  x  3/8  in.   angles,  and 
two  1/2  x  3  in.   diagonal  flat  bars  and  two  1/2  x  3-1/2  in. 
horizontal  flat  bars  at  top  supporting  4  x  6  x  1/2  in.- 
angle  chairs;  yoke  imbedded  in  concrete,  but  face  of 
vertical  angles  exposed  to  channel  and  portion  of 
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diagonal  flat  bar  exposed  to  earth.     Conduit  width, 
-  about  53  in.     Conduit  depth,  about  36  in.  Channel 
width,  about  10  in.     Channel  depth,  about  2  2  in. 

Powell  Line   (see  Figure  2.2. d) 

Installed  about  1887  on  Powell,  Mason,  Washington, 
Jackson,  and  Taylor  sts  and  Columbus  Av.     Walls  brick 
about  14  in.   thick,  with  concrete  foundation.  Yoke 
consists  of  bolt-connected  sections,  including  a 
3  x  3  x  1/2  in.   angle  as  base,   four  vertical 

2-  1/2  x  2-1/2  x  3/8  in.   angles  forming  channel,  and 
two  2  x  2  x  1/4  in.  diagonal  braces  and  two 

3-  1/2  x  1/2  in.  horizontal  flat  bars  at  top  supporting 
7  x  3  x  3/8  in.   angle  chairs;  yoke  embedded  in  brick 
concrete,  and  dirt.     Conduit  width,  about  47  in. 
Conduit  depth,  about  36  in.     Channel  width,  10  in. 

(at  pulley  mounts).     Channel  depth,  about  25  in. 

Blind  Conduit    (See  Figure  2.2.e) 

Installed  in  1957  without  slot  nn  Mason  fit  from  cable 
car  barn  to  California  St  to  t>ermit  oneration  of 
California  line  cable  by  winding  machinery  in  barn. 
Consists  of  15  in.   diameter  concrete  Dice .  with 
interspersed  sheave  and  puller  nits. 

The  channels  have  37  drains,  which  are  located  at  the  inter- 
sections of  California  and  Front   (2) ,  California  and 
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Grant   (2) ,  California  and  Stockton   (2) ,  California  and 
Mason    (1) ,  California  and  Hyde   (2) ,  California  and  Polk   (2) , 
California  and  Van  Ness   (1) ,  Hyde  and  Jackson   (1) ,  Hyde  and 
Washington   (4) ,  Hyde  and  Broadway   (1) ,  Hyde  and  Beach   (2) , 
Powell  and  Sutter   (2) ,  Powell  and  California   (1) ,  Powell 
and  Washington   (2) ,  Powell  and  Jackson   (3) ,  Jackson  and 
Mason   (1) ,  Mason  and  Broadway   (2) ,  Columbus  and  Lombard   (2) , 
and  Taylor  and  Francisco   (1)    —  see  Figure  2.2.  f  . 

2.2.2  Inspection 

Visual  inspection  of  the  channel  was  made  through  pulley  and 
other  hatches.     Of  the  1695  locations  inspected,   891  were 
in  good  condition  —  free  of  debris,  no  pine  tar  buildup; 
413  were  in  fair  condition  —  some  debris,  with  sufficient 
accumulation  to  be  touching  pulley,  but  little  tar  buildup; 
391  were  in  poor  condition  --  impaction  of  pulley  by  debris 
and  tar,  causing  pulley  to  slow  down  or  stop. 

Twelve  yokes  were  excavated  between  December  11,  1978,  and 
January  4,   1979  to  ascertain  their  condition   (see  Figure 
2.2.g   for  location  map).     Results  of  visual  examination 
include : 

California  Line  1877 

California  at  Leavenworth,   third  yoke  west  of  hatch 
CA-1327.     Tee  rail  base  corroded  or  otherwise  worn  away 
to  5/16  in.   at  one  edge  and  knife  thickness  at  other. 
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Diagonal  braces  corroded  to  about  5/16  in.  at  thickest 
point  and  knife  edge  at  thinnest;  width  corroded  to 
about  3-3/8  in.     Chairs  corroded  away  about  1/16  in. 

Excavation  of  other  yokes  was  deemed  unnecessary, 
because  examination  through  hatches  of  exposed 
portions  indicated  similar  conditions  throughout  line. 

California  Line  1890 

o     California  near  Battery,   fourth  yoke  east  of  hatch 
CA-300.     Top  flat  bars  heavily  coated  with  rust 
and  thickness  and  width  corroded  away  by  about 
1/8  in;  bolts  securing  bars  to  vertical  angles 
loose  due  to  corrosion  of  angles.     Chairs  in  good 
condition,  probably  changed  about  1958. 

o     Hyde  near  Broadway,   first  yoke  south  and  corroded 
HY-1700.     Diagonal  flat  bars  rusted  and  corroded 
to  about  3/8  x  2-3/4  in.     Top  flat  bar  rusted  and 
corroded  to  about  7/16  x  3  in.     Chairs  and  rail 
base  badly  corroded. 

o     Hyde  near  Greenwich,   first  yoke  south  of  hatch 
HY-2179.     Diagonal  flat  bars  rusted  and  corroded 
to  about  3/8  in.  x  2-3/4  in.     Top  flat  bar  rusted 
and  corroded  to  about  3/8  x  3-1/4  in.     Chairs  and 
rail  base  badly  corroded. 

o     Hyde  near  North  Point,   second  yoke  south  of  hatch 
HY-2674.     Diagonal  braces  rusted  and  corroded  to 
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about  3/8  x  2-7/8  in.     Top  flat  bar  corroded  to 
about  3/8  x  3-5/16  in.  where  in  contact  with  soil. 
Chairs  corroded  to  about  5/16  x  2-3/8  x  3-5/16  in. 

Powell  Line 

o  Jackson  near  Hyde,  third  yoke  east  of  hatch 

JA-1389.     Outside  vertical  angles  heavily  rusted, 
with  1/16  to  1/8  in.  metal  loss.     Diagonal  braces 
corroded  to  knife-edge  thickness  at  some  points. 
Top  horizontal  bars  corroded  away  by  about  1/8  in. , 
and  chairs  corroded  to  less  than  1/16  in.  thickness. 

o  Washington  near  Leavenworth,   first  yoke  east  of 
hatch  WA-1391.     Outside  vertical  angles  heavily 
rusted  and  corroded  to  about  1/8  x  2  x  2-1/8  in. 
Diagonal  supports  corroded  to  about  1/16  x  1-3/4  x 
1-3/4  in. ,  and  edges  corroded  to  knife-edge  thick- 
ness.    Top  horizontal  bars  rusted  and  corroded  to 
about  5/16  x  3-1/8  in.     Chairs  corroded  to  about 

3/8  in.   thickness,  and  chair  supporting  north  rail 
broken  at  yoke,  providing  no  support  to  rail, 
o  Mason  near  Filbert,   second  yoke  north  of  hatch 

MA-1877.     Outside  vertical  angles  corroded  to  about 
1/8  x  1-15/16  x  2-1/4  in.     Diagonal  supports  almost 
corroded  away.     Top  horizontal  bars  covered  with 
rust  and  corroded  away  by  1/16  to  1/8  in.  Chairs 
probably  changed  in  1950  and  in  good  condition. 
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o  Columbus  near  Lombard,  second  yoke  north  of  hatch 
CO-886.     Outside  vertical  angles  completely 
corroded  away  at  point  about  1-1/2  in.  below  chairs. 
Diagonal  braces  corroded  away  at  same  point.  Top 
horizontal  bars  corroded  away  by  about  1/16  in. 
Chairs  installed  in  1950  and  in  good  condition. 

o  Powell  near  Clay,  seventh  yoke  south  of  hatch 
PO-981.     Outside  vertical  angles  rusted  and 
corroded  away  by  about  1/4  in.     Diagonal  supports 
corroded  away  by  about  1/8  in.  at  best,  tapering  to 
knife-edge  dimensions.     Top  horizontal  bars,  lightly 
rusted  and  corroded  away  by  about  1/16  in.  Chairs 
slightly  corroded. 

o  Powell  near  Geary,   second  yoke  south  of  hatch 
PO-260.     Outside  vertical  angles  rusted  and 
corroded  away  by  about  1/4  in.     Diagonal  braces 
completely  corroded  away  where  bolted  to  vertical 
angles.     Top  horizontal  bars  covered  with  rust  and 
corroded  away  by  1/16  to  1/8  in.     Chairs  rusted. 

o  Powell  near  Ellis,  third  yoke  south  of  hatch 
PO-133.     Outside  vertical  angles  rusted  and 
corroded  to  about  5/16  x  2-3/8  x  2-3/8  in. 
Diagonal  braces  rusted  and  corroded  to  about 
3/16  x  1-7/8  x  1-7/8  in.     Top  horizontal  bars 
rusted  and  corroded  away  by  3/16  to  3/8  in. 
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Chairs  rusted,  and  chair  face  adjacent  to  outside 
rail  so  corroded  it  had  separated  from  yoke. 

The  blind  conduit  is  in  very  good  condition. 

2.2.3  Evaluation 

California  Line  1877 

Metallurgical  evaluation  was  made  of  a  yoke,  with  plate 
brackets  and  fasteners  of  rivets,  bolts,  and  nuts, 
which  had  been  removed  from  the  street  in  1973.  Results 
indicated  that  corrosion  has  severely  impaired  the 
yoke's  ability  to  bear  the  loads  of  cable  car  and 
vehicular  traffic   (see  Attachment  2. 2. A,  below).  Because 
the  pattern  and  extent  of  corrosion  were  highly  varied 
and  similar  conditions  were  observed  in  other  yokes 
inspected,  it  is  probable  that  encasement  in  concrete 
did  not  protect  yokes  from  deterioration  and  that  the 
inability  to  bear  required  loads  is  prevalent. 

California  Line  1890 

Construction  and  age  of  the  yokes  and  inspection  results 
indicated  that  conditions  similar  to  those  in  California 
1877  conduits  obtained.     A  metallurgical  evaluation  was 
unwarranted,  because  it  would  require  removal  of  a  yoke 
now  in  the  system. 
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Powell  Line 

Two  corings  were  made  of  the  conduit  on  Mason  St  near 
Vallejo.     In  the  first  coring  the  brick  and  motor  joints 
were  found  to  be  in  good  condition,  with  a  compressive 
strength  of  1840  psi;  but  the  concrete  foundation  had 
a  rock  pocket  and  therefore  could  not  be  tested.  The 
concrete  was  found  in  a  second  coring  nearby  to  be  in 
good  condition,  with  a  compressive  strength  of  3040  psi. 
(For  both  corings  see  Attachment  2.2.B.) 

Metallurgical  evaluation  of  components  taken  from  five 
excavated  yokes  revealed  extensive  corrosion  in  all 
samples.     It  is  doubtful  that  any  of  the  components  can 
be  relied  on  to  sustain  cable  car  and  vehicular  loads. 
Because  all  tests  yielded  similar  results,   it  must  be 
assumed  that  yokes  throughout  the  line  are  in  similar 
condition.      (See  Attachment  2.2.C.) 

Blind  Conduits 

Of  recent  construction,  the  conduits  appear  to  be 
structurally  sound. 

Conclusions 

Structural  deterioration  of  the  California  line  1877, 
California  line  1890,   and  Powell   line  conduits  has 
advanced  to  the  point  that  rail  cannot  be  safely 
fastened  to  the  yokes    (see  Section  2.6)   and  failure 
under    H20  highway  loading  is  possible.     Poor  drainage 
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results  in  the  accumulation  of  debris  and  pine  tar,  which 
interferes  with  the  functioning  of  subsurface  equipment 
(see  Sections  2.4  and  2.5). 
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Illustrations 
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Corrosion  at  interface 
of  angle  and  horizontal 
flat  bar  (California 
near  Battery) . 


Disintegrated  diagonal 
brace  supporting  chair 
(Powell  near  Geary) . 


Deteriorated  rail  and 
chair,  with  rotted  wood 
filler  between  rail  and 
brick  paving  (Powell 
near  Ellis) . 


Vertical  chair  support  corroded  through, 
and  extensive  corrosion  of  horizontal 
support  (Columbus  near  Lombard) . 


Chair  corroded  in  half  at  yoke,  providing  no 
support  for  rail   (Washington  near  Leavenworth) 


Figures 
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FORD  ASSOCIATES 

METALLURGICAL  ENGINEERING  CONSULTANT 


31 OO  LA  PLAY  A  COURT 
LAFAYETTE.  CALIFORNIA'  9454. 

March  29,  1979 


Kr.   Dick  Baker,  Vice  President 

Chin  &  Hensolt,   Consulting  Engineers 

182  Second  Street 

San  Francisco,   Ca.  94105 


Dear  Mr.  Baker: 


This  report  is  to  show  the  condition  of  a  yoke  origin- 
ally installed  at  California  St.  near  Kearny.     The  yoke 
assembly  was  installed  as  original  equipment  and  records 
indicate  the  construction  in  that  area  began  in  1877. as 
part  of  the  "California  Street  Cable  Railroad".     The  yoke 
assembly  was  removed  in  1973  and  that  location  is  now 
designated  as  "California  Line  61".   The  major  formed  section 
of  the  yoke  is  of  the  1877  vintage  with  newer  center 
brackets  of  a  more  recent  date. 


The  construction  of  the  U-shaped  area  of  the  yoke  assembly 
was  from  railroad  rail.     The  bracketry  attached  to  this 
section  showed  various  degrees  of  corrosive  attack  and  the 
center  brackets  had  been  replaced  at  a  recent  date  rela- 
tive to  the  rest  of  the  brackets. 


Photos  A  and  B  show  both  sides  of  the  yoke  "as  received" 
from  Mr.  Kevitt  R.  Day,   Cable  Car  Machinery  Supervisor, 
Municipal  Railway,   San  Francisco. 

Beginning  from  the  left  side  of  Photo  A,   smaller  areas 

were  photographed  to  show  in  greater  detail  the  condition 

of  the  yoke.     Note  the  yoke  was  originally  made  from  a  rail 

Photos  C  and  D  -  left  end  of  yoke  -  Photo  A 

Photo  E  -  outside  curvature  of  yoke  (rail) . 

Photos  F  and  G  -  top  section  of  yoke  -  Photo  A 

Photos  H  and  I  -  right  end  of  yoke  -  Photo  A 


Note  on  Photos  A  and  B  the  general  corroded  condition  where 
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metal  surfaces  are  exposed  as  compared  to  the  "new" 
brackets  located  near  the  center  along  the  bottom, 
Photo  A.     Some  fasteners  are  not  visible  on  the  brackets 
because  of  the  aggregate  adhering  to  the  steel  surfaces. 


Photos  C  and  D  show  various  degrees  of  corrosive  attack 
depending  on  the  length  of  time  in  service  and  whether  or 
not  they  were  exposed  to  other  than  aggregate. 

Photo  E  shows  the  corrosion  on  the  yoke  as  well  as  the 
location  of  some  aggregate. 

Photos  F  and  G  show  the  detailed  surface  of  the  top  of 
yoke  (Photo  A) .     Note  the  heavy  corrosion  layer  where  the 
rail  is  exposed. 


Photos  H  and  I  show  the  comparative  corrosion  between  the 
"new"  bracket  and  its  fasteners  and  the  remaining  brackets 
in  the  same  area. 


In  order  to  achieve  a  better  definition  as  to  the  extent 
of  the  corrosion  on  the  cross  section  in  various  areas  of 
the  yoke  assembly  the  yoke  had  to  be  sectioned.     If  an 
attempt  would  have  been  made  to  remove  the  aggregate  on 
the  surface  prior  to  sectioning,  undoubtedly  the  corrosive 
layer  would  have  been  damaged  or  destroyed  and  thus  not 
provide  the  needed  information  regarding  the  extent  of 
corrosion.     For  this  reason  certain  areas  were  chosen  for 
sectioning  by  sawing  and  adjacent  non-critical  areas  were 
torch  cut  into  smaller  sections  to  facilitate  the  sawing. 


Photos  1  thru  10  are  from  sections  of  the  yoke  assembly. 
Photo  1  shows  the  parts  of  the  yoke  assembly  after  section- 
ing.    Photo  2  shows  the  designation  of  each  part  by  number. 
The  locations  of  torch  cutting  are  between  sections  desig- 
nated 2  and  3,   3  and  4,   7  and  8,  and  8  and  9.     Note  the 
torch  cutting  was  done  so  the  heat  from  the  torch  would 
not  influence  the  cross  sections  to  be  examined. 


Photo  3  shows  the  sawed  and  polished  cross  sectional  area 
between  sections  1  and  2  in  Photo  2.     The  top  is  the  rail 
which  was  used  to  form  the  yoke  with  the  other  sections 
being  brackets  and  fasteners  used  to  make  up  the  yoke  assemb 
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Photo  A  shows  the  same  section  as  Photo  3  but  after 
etching  to  reveal  more  clearly  the  details  of  the  yoke 
assembly  as  well  as  the  degree  of  corrosion.     Note  on 
Photo  A  (1)  the  corrosive  attack  on  the  rail  web  (2)  the 
surfaces  between  the  rail  web  and  the  lower  bracket 
member  and  (3)   the  ends  of  the  fasteners.     Also  note  the 
flow  lines  from  the  rivet  fasteners  and  how  the  fasteners 
have  been  attacked  at  greatly  different  rates  even  though 
they  are  relatively  close  together. 

Photos  5  and  6  were  taken  of  a  cross  section  practically 
adjacent  to  Photos  3  and  A.  The  width  of  the  saw  cut  is 
the  distance  between  these  2  sets  of  Photos.  Photo  5  is 
saw  cut  and  polished,  and  Photo  6  is  etched.  Note  the 
lack  of  consistency  in  the  corrosive  attack  areas  desig- 
nated "1A",  "2A"  and  "3A"  corresponding  to  areas  1,  2  and 
3  in  Photos  3  and  A. 


Photos  7  and  8  are  taken  of  the  slice  number  5  on  Photo  2. 
Photo  7  is  saw  cut  and  polished  and  Photo  8  is  etched.  In 
Photo  7  note  the  corrosion  layer  on  the  bottom  of  the  rail 
flange  and  the  attack  under  the  head  of  the  rail  and  along 
the  web  on  the  right  side.     In  Photo  8  note  the  corrosion 
products  (rust)   that  appears  rust-orange  in  color  and  are 
located  along  the  web  and  under  the  head  of  the  rail  on 
both  sides. 


Photos  9  and  10  are  located  by  number  7  on  Photo  2.  While 
approximately  10"  away  from  slice  5  shown  in  Photos  7  and 
8,   the  degree  and  pattern  of  corrosive  attack  is  greatly 
different.     Photo  9  is  saw  cut  and  polished  and  Photo  10 
is  etched.     Note  the  differences  of  metal  thickness  in  this 
location  compared  to  Photos  7  and  8.     The  corrosion  layer 
in  Photo  10  appears  primarily  along  the  left  side  of  the 
web  and  head  of  rail  with  metal  thickness  being  appreciably 
greater  (and  therefore,   affording  more  strength  to  the  yoke 
assembly)  than  in  Photos  7  and  8. 


Conclusions : 

(1)     The  yoke  assembly  was  made  from  rail,   the  brackets 
from  plate  and  the  fasteners  from  rivets,  bolts  and 
.nuts . 
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(2)  Presence  of  aggregate  on  the  metal  surfaces  could 
not  be  correlated  to  the  degree  of  corrosive  attack 
found  in  the  cross  sectioned  areas  examined. 

(3)  Because  of  the  high  degree  of  variation  of  corrosion 
found  in  the  examined  cross  sections  and  the  fact 
that  further  corrosion  has  taken  place  in  street 
locations  where  similar  yokes  are  still  in  service, 

it  is  evident  the  load  carrying  capability  of  the  yoke 
assembly  is  severely  impaired  when  compared  to  the 
original  design  criteria  on  which  the  fabrication  and 
installation  of  these  original  yokes  was  based. 

If  we  can  be  of  any  further  assistance  in  this  study,  pleas 

let  me  know. 


Sincerely  yours, 


i  /  L     LLC  ■  ■  >  - 

ROBERT  G.  FORD 


Professional  Engineer 
State  of  California 
Cert.  #MT863 
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PHOTO  "A"  YOKE  ASSEMBLY- FRONT  VIEW 


PHOTO  "C"  YOKE  ASSEMBLY-  FRONT  VIEW  -LEFT  END 
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PHOTO  "D"  YOKE  ASSEMBLY-  REAR  VIEW-  LEFT  END 


PHOTO  "E"  YOKE  ASSEMBLY-  OUTSIDE  CURVATURE 


PHOTO  "H"  YOKE  ASSEMBLY- FRONT  VIEW-  RIGHT  END 


PHOTO  "I"  YOKE  ASSEMBLY-  REAR  VIEW-  RIGHT  END 


PHOTO  1-YOKE  ASSEMBLY  AFTER  SECTIONING 
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PHOTO  3-  SAWED  CROSS  SECTION-  RAIL, BRACKET  AND  FASTENERS 
(LOCATION  1  ON  PHOTO  2) 


??n?94nST?HSS  CR0SS  SECTION-RAIL,  BRACKET  AND  FASTENERS 
(.LOCATION  1  ON  PHOTO  2) 


PHOTO  6-ETCHED  CROSS  SECTION-  RAIL,  BRACKET  AND  FASTENERS 
(LOCATION  1  ON  PHOTO  2) 


a. 
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PHOTO  7-  SAWED  CROSS  SECTION-  YOKE  FORMED  FROM  RAIL 
(LOCATION  5  ON  PHOTO  2) 


PHOTO  8-  ETCHED  CROSS  SECTION-  YOKE  FORMED  FROM  RAIL 
(LOCATION  5  ON  PHOTO  2) 


—  OJ 


PHOTO  9 -SAWED  CROSS  SECTION- YOKE  FORMED  FROM  RAIL 
(LOCATION  7  ON  PHOTO  2) 
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PHOTO  10-ETCHED  CROSS  SECTION  -  YOKE  FORMED  FROM  RAIL 
(LOCATION  7  ON  PHOTO  2) 
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Compressive  Strength  of  Brick  and  Concrete  Cores 
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April  4  and  5,  1979 
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CHIN  &  HENSOLT 

CONSULTING  EK!filMF.(=PS 


REPORT 

Two  (2)  cores  were  cut  by  our  technicians  in  the  above  named  project. 
The  core  locations  were  selected  by  Mr.  James  Caid. 


Both  cores  were  brought  to  our  laboratory  where  they  were  trimmed, 
capped  and  tested  for  compressive  strength  in  accordance  with 
ASTM:  C42. 


Results  are  as  follows: 


CORE  NUMBER  1 

Location:     Mason  Street,  between  Vallejo  and  Green  Streets  -  42" 

north  of  3rd  pulley  box  from  intersection  of  Mason  and 

Green  in  northbound  track. 

Core  Dimensions:     8"  dia.   x  18-7/8"  and  6"  dia.   x  18" 

Core  Tested:     8.02"  dia.   x  8.70"  Brick  with  Flat  Side 

Remarks:     This  composite  core  consists  of  2"  of  asphalt  concrete, 
5-1/2"  of  red  brick  and  concrete,  18-1/8"  of  red  brick 
and  11-1/4"  red  rock  concrete.     The  lower  29-3/8"  length 
of  core  had  a  flat  side;  the  wall  edge  was  within  the 
core.     The  core  was  removed  in  seven   (7)  sections.  The 
lower  11-1/4"  consists  of  red  rock  concrete  with  voids 


HALES  TESTING  LABORATORIES 


TO:     Chin  &  Hensolt,   Structural  Engineers 


Page  Two  (2) 
HTL  NO.  :     OM  189-3 
LAB  NO. :  61363 

April   9,  1979 


CORE  NUMBER  1  (Continued) 

Remarks:     and  rock  pockets  and  was  removed  in  two  (2)  sections. 

A  section  of  the  8"  diameter  red  brick  core  was  tested 
for  compressive  strength. 


Compression  Strength:     1840  psi 


Jt  Asphalt  Concrete  8"  Dia.  x  2" 

Red  Brick/Concrete  8"  Dia.  x  5-1/2" 


Red  Brick     6"  Dia.   x  11-3/8" 


Red  Brick     6"  Dia.   x  6-3/4" 
c*c\\       Red  Rock  Concrete     6"  Dia.  x  11-1/4" 


CORE  NUMBER  2 


Location:     Mason  Street  between  Vallejo  and  Green  Streets  -  3rd 
cable  pulley  access  port  south  of  the  Mason-Green 
Streets  intersection. 

Dimensions:     6"   dia.   x  11-1/2" 

Dimensions  of  Core  Tested:     5.89"  dia.   x  10.15"   (trimmed  &  capped) 

Remarks:     This  red  rock  concrete  core  appeared  dense  and  well 
consolidated. 

--ax**0**"**!!? 

Compression  Strength:     3040  psi 

^  Ill   t,  |,,.M   |,|   Will   Mil     '  " 

Respectfully  submitted, 
HALES  TESTING  LABORATORIES 
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REPLY  TO 
562-2773  -AREA  CODE  415 
P.O.  BOX  2266 
OAKLAND,  CALIFORNIA  94621 


HTL  NO. :     OM  189-3 


Chin  &  Hensolt,  Structural  Engineers 

182  Second  Street 

San  Francisco,  California  94105 


SUBJECT 


CABLE  CAR  TRACK 
San  Francisco 


Gen tl emen : 

Transmitted  herewith  are  photos  for  the  above  named  project  which 
should  be  attached  to  the  report  dated  April  9,  1979,  Lab  No. 

61 363. 

Respectfully  submitted, 
HALES  TESTING  LABORATORIES 


Xavier  Victoria 
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HALES  TESTING  LABORATORIES  Attachment  One  (1) 

HTL  NO. :  OM  189-3 
LAB  NO. :     61 363 

TO:     Chin  &  Hensolt,  Structural  Engineers  April  9  ,  1979  


Core  No.  1 


Core  No.   1  -  Other  side  of  core. 


HALES  TESTING  LABORATORIES  Attachment  Two  (2) 

HT  NO. :  OM  189-3 
LAb  NO. :  61363 

TO:     Chin  &  Hensolt,  Structural  Engineers  April  9  ,  1  979  


Top  of  Core  No.  1 . 


Bottom  of  Core  No .  1  . 


Core  No.  1  as  removed. 


Coie  No.   2  -  Red  rock  concrete. 
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Phone   (4151  9391910 


FORD  ASSOCIATES 

METALLURGICAL  ENGINEERING  CONSULTANT 


31 OO  LA  PLAY  A  COURT 
LAFAYETTE.  CALIFORNIA  9454-9 

February  28,  1979 


Mr.  Richard  Baker,  Vice  President 

Chin  &  Hensolt 

Consulting  Engineers 

182     Second  Street 

San  Francisco,   Ca.  94105 

Dear  Mr.  Baker: 

This  report  includes  sampling  of  five  parts  removed 
from  five  underground  sites  that  were  excavated  to  deter- 
mine the  present  condition  of  the  substructure.  The 
locations  of  these  sites  are  included  along  with  the 
description  of  the  piece  as  originally  installed  where- 
ever  possible.     It  should  be  noted  that  the  type  of  corro- 
sion found  here  was  prevalent  on  other  parts  of  the  sub- 
structure to  varying  degrees  and  these  samples  are  considered 
average  for  the  site  examined. 

Following  are  the  sites  and  description  of  the  part  removed 
and  replaced,   or  found  to  be  no  longer  part  of  the  substruc- 
ture due  to  extensive  corrosion  in  areas  around  the  part 
sampled  in  this  report. 

Initially  a  sample  was  removed  from  the  location  at  Mason 
and  Filbert  and  another  sample  was  removed  from  a  second 
location  at  Lombard  and  Columbus .     Both  samples  were  removed 
from  a  vertical  outside  section  of  the  yoke  approximately 
7"  below  the  top  of  the  yoke  as  shown  in  Drawing  AL-2381 
"Typical  Yoke  -  Powell  Street  type-  cable  track  construction" 
revised  2-13-51.     This  vertical  section  was  originally  a 
2  1/2"  x  2  1/2"  x  3/8"  angle. 

Photo  1  was  taken  from  the  Lombard  and  Columbus  location 
and  sectioned  horizontally  to  determine  the  amount  of  sound 
metal  remaining  under  the  scale  appearing  on  the  surface. 
The  sample  was  first  mounted  in  plastic  so  sectioning  would 
not  cause  undue  fracturing.     Note  that  the  corrosion  effect 
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was  throughout  the  entire  cross  section  of  the  sample. 
The  strength  of  the  remaining  structure  has  been  greatly 
reduced  by  such  corrosive  action. 

Photo  2  shows  a  sample  taken  from  the  same  area  of  the 
outside  vertical  member  as  in  Photo  1,   except  Photo  2  is 
a  sample  taken  from  the  location  at  Mason  and  Filbert. 
Again  the  sample  was  mounted  prior  to  sectioning.     Note  in 
Photo  2  the  light  appearing  area  in  the  lower  left  hand 
area  of  the  sectioned  sample.     That  small  light  area  is 
what  is  left  of  the  good  sound  metal  in  the  original  2  1/2"  x 
2  1/2"  x  3/8"  angle.     The  dark  appearing  areas  surrounding 
the  good  metal  are  corrosion  products  or  "rust".  Again 
the  structural  strength  of  this  member  is  minimal '~ 

Subsequent  sites  were  located  at  Powell  and  Geary  and 
Powell  and  Ellis.     A  fastener  and  an  angle  section  were 
removed  from  the  Powell  and  Geary  location  and  an  angle 
section  from  Powell  and  Ellis  location.     The  general  corro- 
sion problem  again  existed  in  these  locations  with  certain 
samples  showing  a  much  higher  degree  of  corrosive  attack 
than  others,  but  no  definite  corrosion  pattern  existed 
relative  to  their  location  in  the  structure. 


In  order  to  better  illustrate  the  extent  of  the  corrosion 
some  photos  were  taken  in  color.     Photos  3  thru  7  show  the 
exterior  condition  of  the  fastener  (Powell  and  Geary) .  Note 
the  overall  corrosion  plus  the  tapered  end  where  corrosion 
had  progressed  completely  thru  the  cross  section.  This 
fastener  was  then  sectioned  longitudinally.     Photo  8  shows 
the  fastener  prior  to  sectioning  and  Photo  9  shows  the 
longitudinal  section.     Note  the  dark  areas.     They  are  sites 
where  corrosion  occurred  throughout  the  cross  section  of 
the  washer.     Also  note  the  area  at  the  threaded  interface 
of  shank  and  nut.     While  corrosion  existed  here  to  a  lesser 
extent  than  in  the  washer  area,   the  effective  strength  of 
the  interface  area  has  to  be  greatly  reduced  due  to  corrosion 
present  in  this  critical  load  bearing  area. 

The  angle  removed  from  Powell  and  Geary  was  checked  at  two 
locations  for  thickness  variation.     See  Sketch  1.  Originally 
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this  was  a  2"  x  2"  x  1/4"  angle.     Extensive  corrosion 
was  found  near  the  junction  of  the  legs  of  the  angle  as 
noted  by  the  thicknesses  of  .175",    .196"  and  .202",  .181", 
.175"  and  .227".     The  corrosion  layer  already  removed  by 
weathering  from  this  area  ranged  from  570  to  517o  of  the 
original  thickness.     The  sound  metal  remaining  under  the 
corrosive  scale  still  adhering  to  the  surface  of  the  angle 
varied  from  .156"  to  .188",   thus  indicating  a  loss  of 
original  sound  metal  of  .094"  to  .062".     Expressed  as  a 
percentage  of  original  thickness,   the  sound  metal  remaining 
was  62  to  75%.     See  Photos  10  thru  15. 


The  angle  removed  from  the  Powell  and  Ellis  location  was 
so  badly  corroded  dimensional  checks  to  determine  the 
amount  of  sound  metal  remaining  were  deemed  not  feasible. 
Photos  16  thru  18  show  the  view  of  the  angle.     Note  the 
bolt  hole  originally  put  in  the  angle  is  corroded  to  the 
extent  no  contact  area  remains  on  the  edge  of  the  hole  for 
approximately  80  degrees .     Photo  19  shows  a  closeup  view 
of  this  condition.     A  section  was  taken  thru  the  section 
shown  in  Photo  19  to  illustrate  the  lip  of  the  angle. 
Photo  20  shows  the  end  view  of  this  section.     Photo  21  shows 
a  weld  deposit  was  made  directly  above  the  remaining  solid 
metal  in  Photo  22,   and  this  had  been  attacked  by  corrosion 
and  has  nearly  disappeared. 

Conclusion : 


The  extent  of  corrosion  on  all  components  examined, 
regardless  of  location  from  which  the  sample  was 
obtained,   indicate  the  components  to  be  in  very 
poor  condition. 

From  a  standpoint  of  load  carrying  capability  it 
is  extremely  doubtful  that  any  of  the  components 
examined  can  sustain  loads  for  which  they  were 
originally  designed.     Not  only  because  the  corrosion 
is  so  extensive,   but  also  because  the  corrosion  is 
so  non-uniform  in  nature  thus  developing  extremely 
thin  sections  of  sound  metal  in  certain  areas 
compared  to  other  areas . 
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If  there  are  any  questions  you  may  have  concerning  this 
report,  please  let  me  know. 


RGF/ekf 


Sincerely  yours , 

ROBERT  G.  FORD 
Professional  Engineer 
State  of  California 
Cert.  #MT863 
Cert.  #MF2535 


SKETCH  1  POWELL  AND  GEARY-  2Mx2"xl/4"  ANGLE- 
THICKNESS  MEASUREMENTS  ON  EACH  LEG 
OF  ANGLE 


PHOTO  1  LOMBARD  AND  COLUMBUS -CORRODED  THRU  CROSS 
SECTION-2  l/2"x  2  l/2"x  3/8"  ANGLE 


PHOTO  2  MASON  AND  FILBERT  -  LIGHT  AREA  SOUND  METAL - 
2  l/2"x  2  l/2"x  3/8"  ANGLE 
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PHOTO  3  POWELL  AND  GEARY-  FASTENER 


PHOTO  4  POWELL  AND  GEARY  FASTENER 


PHOTO  5  POWELL  AND  GEARY  -  FASTENER 


PHOTO  6  POWELL  AND  GEARY-  FASTENER 


PHOTO  7  POWELL  AND  GEARY  -  FASTENER 


PHOTO  8  POWELL  AND  GEARY 
SECTIONING 


-  FASTENER  PRIOR  TO 


PHOTO  9  POWELL  AND  GEARY  -  FASTENER  SECTIONED 
LONGITUDINALLY  THRU  CENTER  LINE 


PHOTO  10  POWELL  AND  GEARY-  2"x2"xl/4n  ANGLE 


PHOTO  12  POWELL  AND  GEARY-  2"x2"xl/4"  ANGLE 


PHOTO  13  POT-JELL  AND  GEARY-  2"x2"xl/4"  ANGLE 


PHOTO  14  POWELL  AND  GEARY-  2"x2Mxl/4"  ANGLE 


PHOTO  15  POWELL  AND  GEARY-  2Mx2Mxl/4M  ANGLE 


PHOTO  16  POWELL  AND  ELLIS  -ANGLE  WITH  BOLT  .tuLE 
AND  WELD  BEAD  DEPOSIT 


PHOTO  18  POWELL  AND  ELLIS -ANGLE  WITH  BOLT  HOLE 
AND  WELD  BEAD  DEPOSIT 


PHOTO  19  POWELL  AND  ELLIS -RED  LINE  DENOTES  AREA  CUT 
TO  PREPARE  CROSS  SECTION  IN  PHOTO  20 


PHOTO  20  POWELL  AND  ELLIS-  CROSS  SECTION  OF  PHOTO  19 
NOTE  VARIATION  OF  CORRODED  LAYER  AND  WELD 
BEAD  DEPOSIT 


PHOTO  21  POWELL  AND  ELLIS-  NOTE  DEGREE  OF  CORROSION 
VARIATION  AND  CORROSION  IN  WELD  BEAD 


Section  2.3 
SHEAVE  AND  TURNTABLE  PITS 

Ten  sheave  pits  and  three  turntable  pits  are  currently  in 
use  in  the  trackway.     The  sheave  pits  are  located  at  or 
near  the  intersections  of  California  and  Drumm  sts , 
California  and  Mason  sts,  California  and  Hyde  sts, 
California  St  and  Van  Ness  Av,  Hyde  and  Pacific  Av , 
Hyde  and  Beach  sts   (two,  one  in  Victorian  Park) ,  Bay  and 
Taylor  sts,  Powell  and  Market  sts,  and  Powell  and  Washington 
sts.     The  turntable  pits  are  at  Victorian  Park,  Bay  and 
Taylor  sts,  and  Market  and  Powell  sts.  The  Victorian  Park 
and  Market/Powell  turntable  pits  are  adjacent  to  the  sheave 
pits  at  these  locations;  in  1941  the  Bay /Taylor  turntable 
was  moved  from  the  intersection  of  the  streets  next  to  the 
sheave  pit  30  ft  south  on  Taylor  St. 

2.3.1  Description 

California  and  Drumm  Sheave  Pit 

Brick  construction,  with  some  concrete  and  steel 
beams.     Duplex  sump  pump  for  drainage.     Access  through 
hatch  down  perpendicular  metal  ladder  anchored  to  wall. 
About  2100  cu  ft. 
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California  and  Mason,  Caj-ifornia  and  Hyde,  Cal i f o r n i a 
and  Van  Ness,  Hyde  and  Pacific,  Hyde  and  Beach  Sheave 
Pits    (see  Figures  2. 3. a,  b,  c,  d,  e) . 
All  built  about  1957.     Concrete,  with  steel  beams  in 
ceilings.     Drainage  by  gravity.     Access  through  hatches 
down  metal  perpendicular  ladders  anchored  to  wall. 
Each  is  about  1500  cu  ft. 

Victoriaii  Park  Sheave  and  Turntable  Pits   (see  '-' 
Figure  2 . 3 . f ) . 

Constructed  about  1957.     Concrete  with  steel  beams  in 
ceilings.     Access  to  sheave  pit  through  hatch  and 
down  perpendicular  metal  ladder  anchored  to  wall. 
Drainage  by  gravity.     Access  to  turntable  pit  through 
hatch  in  turntable  deck;   no  ladder  —  turntable  frame 
is  used  for  footholds.     Pits  separated  by  concrete 
wall,  with  openings  for  passage  of  cable.     Sheave  pit, 
about  1300  cu  ft;   turntable  pit,  about  2800  cu  ft,  just 
large  enough  to  house  turntable. 

Bay  and  Taylor  Sheave  Pit    (see  Figure  2.3.g). 
Brick  construction,  with  steel  beams  in  ceiling;  ceiling 
repaired  with  concrete  in  1961.     Drainage  by  gravity, 
but  bottom  of  pit  below  high  tide.     Access  through 
manhole,  down  perpendicular  metal  ladder  anchored  to 
wall.     About  1300  cu  ft. 
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Bay  and  Taylor  Turntable  Pit   (see  Figure  2.3.h). 


Concrete.     Drainage  by  gravity.     Access  through  hatch 
in  turntable  deck,  no  ladder.     About  1800  cu  ft. 

Powell  and  Market  Sheave  and  Turntable  Pits 
Brick,  with  steel  beams  in  sheave  pit  ceiling.  Drainage 
by  gravity.     Pits  connected  by  passageway.     Access  to 
both  through  hatch,  down  perpendicular  metal  ladder 
anchored  to  wall;  also  hatch  in  turntable  deck.  Sheave 
pit,   about  1200  cu  ft;   turntable  pit,  about  2800  cu  ft. 

Powell  and  Washington  Sheave  Pit 

Brick  vaulted  construction,  with  steel  beams  in  ceiling. 
Contains  three  sheaves,  two  of  which  were  for  incoming 
Powell   line  and  outgoing  Mason  line  cable  and  are  no 
longer  in  use.     Access  through  hatch,  down  perpen- 
dicular metal  ladder  anchored  to  wall,  or  through  tunnel 
from  sheave  room  at  barn.     Drainage  received  from  barn 
sheave  room  through  tunnel  empties  into  storm  sewer 
through  drain  in  pit.     About  4000  cu  ft. 

2.3.2  Inspection 

Brick  walls  in  the  pits  at  Drumm  and  Market,  Bay  and  Taylor 
(sheave) ,  Powell  and  Market,  and  Powell  and  Mason  are  unrein- 
forced  and  mortar  joints  have  disintegrated;   the  ceilicg  of 
the  California  and  Drumm  pit  is  failing  and  the  brickwork  is 
fractured.     Beams  in  all  are  badly  corroded.     No  structural 
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deterioration  was  apparent  in  the  other  pits,  but  beams  are 
beginning  to  corrode.     Exposed  electrical  wires  were  found 
in  the  California  and  Van  Ness  and  Victorian  Park  (turntable) 
pits,   and  the  lights  were  out  at  Hyde  and  Pacific,  Hyde  and 
Beach,  Victorian  Park    (turntable) ,   and  Bay  and  Taylor  (sheave! 
Drainage  is  inadequate  as  a  result  of  poor  maintenance. 

2.3.3  Evaluation 

The  Drumm  and  Market,  Bay  and  Taylor    (sheave) ,  Powell  and 
Market,  and  Powell  and  Mason  pits  are  structurally  unsound. 
The  rest  are  sound  structurally,  but  roofs  should  be 
reconstructed  to  eliminate  rusted  beams  and  provide  adequate 
access  for  sheave  maintenance.     Metal  ladders  are  unsafe, 
because  they  tend  to  be  slippery,  are  difficult  to  enter  or 

-  i-   ■-— '— mniiMM—  in  ii 

leave  at  the  street  level  —  which  is  just  below  the  hatch 
entrance  --  and  provide  inadequate  support  for  a  workman 
carrying  equipment.     Pits  are  so  confined  that  they  cannot 


be  entered  for  inspection  or  maintenance  while  system  is 
in  operation.     Lighting  is  inadequate  for  access  and  to 
perform  maintenance  operations. 
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Illustrations 
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Ceiling  of  California 
and  Drumm  sheave  pit. 


Disintegrating  walls 
of  Bay  and  Taylor 
sheave  pit,  with  board 
shoring  up  roof. 


Light  fixture  and  loose 
bricks  in  Powell  and 
Market  turntable  pit. 


Collapsed  wall  around 
rim  anchor  of  Powell 
and  Market  turntable. 


Vaulted  construction  of 
Powell  and  Washington- 
sheave  pit. 


Tunnel  from  car  barn 

to  Powell  and  Washington 

sheave  pit. 


Figures 
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Section  2.4 
PULLEYS 

Pulleys  in  the  system  include  two  12  ft,  fourteen  10  ft,  and 
one  8  ft  sheaves;   seven  42  in.  horizontal  sheaves;  five 
41  in. ,  one  38  in. ,   forty-three  30  in. ,   thirty-eight  28  in. , 
two  26  in. ,   and  forty-six  20  in.  crowns;   and  about  635  9  in. 
carrying  pulleys.     For  depression  beam  pulleys  see  Section  2.5, 
and  for  pull  curve  pulleys  see  Section  2.8. 

2.4.1  Description 

12  ft   (see  Figure  2. 4. a) 

Spider  and  rims  medium  strength  carbon  steel  castings 
ASTM  A27-52T  Grade  N-2.     Diameter,   12  ft-6  in.  Frame, 
cast  iron  U.     Brass  half -bearing ,   5  in.  diameter. 
Located  in  Hyde  and  Pacific,  Hyde  and  Beach  sheave  pits. 

10  ft   (see  Figures  2.4.b,c) 

Fabricated  or  cast  steel.     Diameter,   10  ft-6  in.  Width, 
either  6  in.  or  10  in.   at  hub.     Cast  iron  U  frame.  Brass 
half-bearing,   5  in.  diameter.     Located  in  barn  sheave 
room   (5)   and  California  and  Drumm,  California  and  Mason 
(2),  California  and  Hyde,  California  and  Van  Ness, 
Victorian  Park,  Bay  and  Taylor,  Powell  and  Market,  and 
Powell  and  Washington   (2)    sheave  pits. 
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8  ft 

Iron.     Diameter  about  8    ft-4  in.     Cast  iron  pedestal, 
with  fixed  shaft.     Brass  sheave  bearing.     Located  in 
barn  sheave  room. 

42  in.  Horizontal  Sheave   (see  Figure  2.4.d) 

Cast  iron.     Diameter,   42  in.     Flanged  brass  bearing. 

42  in.  Crown   (see  Figure  2.4.e) 

Cast  steel  ASTM  A148-65.     Class  120-95,  250-280  BHN. 
Diameter,   42  in.     Babbitted  half-bearing. 

3  9  in.  Crown   (see  Figure  2.4.f) 

Cast  steel  ASTM  A148-65,  Class  120-95,   250-280  BHN. 
Diameter,   37-1/2  in.     Babbitted  half -bearing . 

30  in  Crown    (see  Figure  2.4.g) 

Cast  iron.     Diameter,    30  in.     Babbitted  half -bearing . 
28  in  Crown   (see  Figure  2.4.h,i) 

Cast  iron.     Diameter,  28  in.     Babbitted  half -bear ing . 
26  in.   Crown   (see  Figure  2.4.j) 

Cast  steel  ASTM  A148-65.     Class  120-95,   250-280  BHM. 
Diameter,   26  in.     Babbitted  half -bearing . 

21  in.   Crown   (see  Figure  2.4.k) 

Cast  steel  ASTM  A148-60.  Class  80-50,  160  BHN.  Diameter, 
21  in.     Antifriction  or  babbitted  half -bearing . 


9  in.   Carrying  —  regular    (see  Figure  2.4.1) 

Cast  steel  ASTM  A148-65.     Class  80-50,   160-180  BHN . 

Diameter,   9-1/2  in.     Width,   2-1/2  in.     Brass  bearing. 

9  in.   Carrying  --  Pacific  Avenue  —   (see  Figure  2.4.m) 
Cast  steel  ASTM  A148-65.     Class  80-50,   160-180  BHN. 
Diameter,   9-1/8  in.     Width,   3-3/4  in.     Brass,  babbitted, 
or  antifriction  bearing. 

9  in.  Carrying  —  Experimental  —   (see  Figure  2.4.n) 
Cast  aluminum  alloy  #356  heat  treated  T51,   66  BHN,  with 
polyurethane  facing:     Hardness  shore  D  74;  tensile 
strength,  10,500  psi  maximum;  modulus,  3800  psi  at 

100  percent  and  9000  psi  at  300  percent;  elongation, 
230  percent  maximum  tear  strength,   800  psi  maximum; 
Bashore  rebound,   45  percent;   compression  modulus, 
2000  psi  at  five  percent  deflection  and  3700  psi  at 

10  percent  deflection;  compression  set,  method  B,  one 
percent  polyol  or  35  percent  MOCA  measured  after  22  hrs 
at  158°  F.     Diameter,   9-1/2  in.     Antifriction  bearing. 

2.4.2     Inspection   (see  Attachment  2. 4. A) 
12  ft 

Pulley  wear  criteria:     Diameter  to  full  cable  groove, 
12  ft;   good  11  ft-11  in.;   fair  11  ft-10  in.;  poor, 

11  ft-9  in.;  destruction,   11  ft-7  in. 
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Inspection  results: 
o  Barn 

Pulley  —  9  good,   7  fair;   frames  —  8  good,   6  fair; 

bearings  --  22  good,    9  fair,    2  poor, 
o     California  and  Drumm 

Pulley  —  good;   frame  —  fair,  bearing  —  poor 

(overheating) . 
o     California  and  Mason  (8-C-2) 

Pulley  —  good;   frame  --  good;  bearing  --  good, 
o     California  and  Mason  (9-C-7) 

Pulley  --  good;   frame  --  good;  bearing  —  good, 
o     California  and  Hyde 

Pulley  --  good;   frame        good;  bearing  --  good, 
o     California  and  Van  Ness 

Pulley  --  good;   frame  --  good;   bearing  --  good, 
o     Victorian  Park 

Pulley  --  fair;   frame  --  good;  bearing  poor 

(overheating) . 
o     Bay  and  Taylor 

Pulley  --  good;   frame  --  good;  bearing  --  fair 

(overheating) . 
o     Powell  and  Market 

Pulley  —  good;   frame  —  fair;  bearing  good, 
o     Powell  and  Washington 

Pulley         poor;   frame  --  fair;  bearing  —  fair. 
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8  ft 

Pulley  wear  criteria:     Diameter  to  full  cable  groove, 
8  ft;   good,    7  ft- 10  in.;   fair,   7  ft- 9  in.;  poor, 
7  ft-8  in.;   destruction,    7  ft-6  in. 

Inspection  results:     pulley        fair,   frame  —  fair; 
bearing  --  fair. 

42  in.  Horizontal  Sheave 

Pulley  wear  criteria:     Diameter  to  full  cable  groove, 
29-1/4  in.;   good  38-1/4  in.;  poor,   36  in.; 
destruction  35-1/2  in. 

Inspection  results   (7  in  system);     7  good. 
42   in.  Crown 

Pulley  wear  criteria:  Diameter  to  full  cable  groove, 
39-1/4  in.;  good,  38-3/4  in.;  fair,  38-3/8  in.;  poor, 
38-1/8  in.;   destruction,   37-5/8  in. 

Inspection  results    (5  in  system): 
4  good,   1  fair. 

3  9   in.  Crown 

Pulley  wear  criteria:     Diameter  to  full  cable  groove, 
35-5/16  in.;   good,   34-3/4  in.;   fair,    33  in.;  poor, 
32-3/4  in.;    destruction  32-5/15  in. 
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Inspection  results   (1  in  system) : 
Good. 

3  0  in.  Crown 

Pulley  wear  criteria:     Diameter  to  full  cable  groove, 
28-1/2  in.;   good,   27-3/4  in.;   fair,   26  in.;  poor, 
24-1/8  in.;   destruction,   23-5/8  in. 

Inspection  results   (43  in  system) : 
29  good,   14  fair. 

28  in.  Crown 

Pulley  wear  criteria:  Diameter  to  full  cable  groove, 
26-3/4  in.;  good,  25-3/4  in.;  fair,  23-1/4  in.;  poor, 
21-1/4   in.;   destruction,   20-1/2  in. 

Inspection  results    (38  in  system) : 
33  good,    4  fair,   1  poor. 

2  6   in.  Crown 

Pulley  wear  criteria:     Diameter  to  full  cable  groove, 
23-in.;   good,   22-1/4   in.;   fair,   21  in.;   poor  19-3/4  in.; 
destruction,   19-1/4  in. 

Inspection  results   (2  in  system) : 
1  good,   1  fair. 
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21-in.  Crown 

Pulley  wear  criteria:     Diameter  to  full  cable  groove, 
20  in.;   good,    19  in.;    fair,   17-3/4   in.;   poor  16-1/2  in.; 
destruction,   16  in. 

Inspection  results    (46  in  system) : 
41  good,   4  poor,   1  fair. 

9  in.   Carrying  --  Regular 

Condition  criteria:     Pulley  wear  —  diameter  to  full 
cable  groove,   8-1/2  in.;   good,   8  in.;   fair,   7-3/8  in.; 
poor,   6-3/4  in.;   destruction,   6-1/2  in.     Supports  — 
good,  holds  pulley  at  proper  height;   fair,  corrosion  or 
rot    (wooden)   evident;   poor,  broken  or  rotted  and  providing 
no  support  to  pulley. 

Inspection  results    (46  in  system) : 

Pulleys  --  17  good,   13  fair,   16  poor    (included  stopped 
or  slowed  pulleys);   supports  —  39  good,   5  fair,   2  poor. 

9  in.   Carrying  —  Pacific  Avenue 

Condition  criteria:     Pulley  wear  --  diameter  to  full  cable 
groove,   7-3/4  in.;   good,   7-1/4  in.;   fair,   6-5/8  in.;  poor, 
6  in.;  destruction,   5-3/4  in.     Supports  —  same  as  9  in. 
regular  carrying  pulley,  above. 
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Inspection  results    (488  in  system) : 

Pulleys  —  276  good,   134  fair,   78  poor   (includes  stopped 
or  slowed  pulleys);   supports         312  good,   78  fair, 
9  8  poor. 

9  in.  Carrying  --  Experimental 

Condition  criteria:     Pulley  wear   (polyurethane  facing)  -- 
diameter  to  full  cable  groove,   8-5/8  in,;   good,   8-1/2  in f 
fair,   8-1/4  in.;  poor,   7-3/4  in.;  destruction,   7-1/2  in. 
Supports  —  same  as  9  in.  regular  carrying  pulley,  above. 

Inspection  results   (101  in  system) : 

Pulleys  —  81  good,   10  fair,   10  poor   (includes  stopped 
or  slowed  pulleys);   supports  --  74  good,   8  fair,   19  poor. 

Of  the  635  carrying  pulleys  inspected,   120  were  not  rotating 
and  had  flat  spots  due  to  cable  abrasion,    were  rotating  inter- 
mittently and  had  flat  spots,  had  poor  bearings,  or  were  out 
of  their  supports,  and  at  many  designated  stations  the  pulleys 
were  missing. 

2.4.3  Evaluation 

Malfunctioning  of  the  carrying  pulleys  is  due  primarily  to 
inadequate  maintenance.     Failure  to  clean  the  channel  results 
in  the  impaction  of  debris  and  pine  tar  residue  around  pulleys 
and  rotation  is  consequently  slowed  or  stopped.     Failure  to 
lubricate  pulleys  results  in  worn  bearings  and  shafts.  The 
practice  at  the  barn  of  pounding  the  shaft  of  the  aluminum 


pulley  into  the  bearing  with  a  sledge  hammer   (instead  of 
pressing  it  in)   damages  the  bearing  by  driving  the  balls  into 
the  race.     Following  is  the  record  of  the  last  maintenance 
performed  on  the  120  malfunctioning  carrying  pulleys  previous 
to  the  Chin  &  Hensolt  inspection   (maintenance  data  was 
collected  from  entries  on  cards  kept  in  the  cable  machinery 
supervisor's  office): 

Chart 


MALFUNCTIONING  PULLEYS: 
LAST   SERVICE  BEFORE  C   t   H  INSPECTION 

  ,  ;  


Days  Since 


Hat  eh 

Chin  t  Hensolt  Inspection 

Last  Service 

Last  Service 

Date 

Malfunction 

Date 

Service  Performed 

HY2026 

8/7/78 

Bad  Bearings 

3/31/78 

Changed  Pulley 

12$ 

HY2060 

8/7/78 

Bad  Bearings 

6/20/78 

Changed  Pulley 

48 

HY2136 

8/7/78 

Pulley  Off  Frame 

10/14/77 

Greased 

297 

HY2I40 

8/7 /7  8 

Pulley  Stopped 

10/14/77 

Greased 

297 

H Y2  6  S8 

8/7/78 

Pulley  Stopped 

X\J  /  XH  /  1  I 

None  Recorded 

297 

HY2  741 

8/8/78 

Pulley  Stopped 

10/3/77 

Changed  Bearings 

309 

HY2641 

8/8/78 

Pulley  Stopped 

10/3/77 

None  Recorded 

309 

HY2544 

8/8/78 

Pulley  out  of 

10/3/77 

No  Card 

309 

Frame 

HY1623 

8/9/78 

Pulley  Stopped 

11/14/77 

Changed  Pulley 

26fc 

HY152  5 

8/9/78 

Pulley  Stopped 

11/14/77 

No  Card 

268 

HY1435 

8/9/78 

Rope  Alongside 

6/30/78 

Changed  Pulley 

40 

Pulley 

HY1415 

8/9/78 

Rope  Cutting 

6/30/78 

Changed  Pulley 

40 

Shaft 

HY1474 

8/9/78 

Pulley  Down  - 

6/30/78 

No  Card 

40 

Rope  Alongside 

HY1136 

8/28/78 

Bearings 

6/31/78 

No  Card 

58 

Squeezing 

HY135  4 

8/28/78 

Pulley  Stopped 

6/31/78 

No  Card 

59 

HY1221 

8/28/78 

Pulley  Rotation 

4/13/78 

Changed  Pulley 

127 

Slow 

HY1135 

8/28/78 

Bearings 

2/24/78 

Changed  Pulley  i 

185 

Squeeking 

Frame 

CO910 

8/10/78 

Pulley  Stopped 

10/24/77 

Greased 

583 

C0913 

8/10/78 

Pulley  Rotation 

5/10/77 

Greased 

82 

Slow 

C09  8  6 

8/10/78 

Rope  Alongside 

1/20/78 

Changed  Pulley 

264 

Pulley 

C0955 

8/11/78 

Pulley  Stopped; 

1/20/78 

Greased 

265 

Cut  by  Rope 

JA1025 

8/4/78  . 

Pulley  Turning 

7/16/78 

Greased 

19 

Slowly 

JA1032 

8/4/78 

Pulley  Turning 

7/16/78 

Changed  Pulley 

19 

Slowly 

JA1042 

8/4/78 

Rope  Alongside 

8/1/78 

Changed  Pulley 

3 

Pulley 

JA1281 

8/4/78 

Bad  Bearings 

8/1/78 

No  Card 

3 

P0651 

8/14/78 

Pulley  Stopped 

8/1/78 

Changed  Pulley 

13 

P0371 

8/14/78 

Bearings  Dry 

4/26/78 

Changed  Pulley 

110 

P04  4  2 

8/14/78 

Rope  Alongside 

2/13/78 

Changed  Pulley 

182 

Pulley 

P0562 

8/14/78 

Bearings  Dry; 

11/17/77 

Greased 

270 

Pulley  Squeeking 

PO6  4  0 

8/15/78 

Pulley  Stopped 

5/3/78 

Greased 

10'. 

P0716 

8/15/78 

Rope  Alongside 

5/10/77 

Greased 

112 

Pulley 
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Chart  1      (cent . ) 


Days  Since- 


Ha  t  ch 

Chin  t  Hensolt  Inspection 

Last  Ser 

vice 

Last 

Da  te 

Malfunction 

Date 

Serv  i  ce 

Performed 

P08  2  2 

8/15/78 

Pulley  Stopped 

10/11 r7  7 

Changed 

Pulley 

~i  n  o 

JVC 

PO1032 

8/15/78 

Pulley  Stopped 

6/11/78 

Changed 

Pulley 

65 

PO1042 

8/15/78 

Pulley  Stopped 

2/2/78 

Chanqed 

Pulley 

194 

MA1370 

8/10/78 

Rope  Alongside 

10/20/77 

Greased 

294 

Pu 1 ley 

MA15  00 

8/10/78 

Rope  Alongside 

1U/ ID/  /  / 

Changed 

Bearings 

TOT 

Pulley 

HA1680 

8/10/78 

Pulley  Stopped 

4/17/78 

Changed 

Pulley 

116 

MA1922 

8/10/78 

Pulley  Stopped 

10/5/77 

Changed 

Pulley 

308 

MAI948 

8/10/78 

Pulley  Stopped 

5/23/76 

Tighten 

69 

MAI  739 

8/11/78 

Bearings  Dry; 

5/11/77 

Greased 

92 

Squeeking 

MA1679 

8/11/78 

Pulley  Down; 
Cut  by  Rope 

10/18/77 

Changed 

Pulley 

297 

MA1587 

8/11/78 

Pulley  Stopped 

5/12/77 

Greased 

91 

MA1257 

8/11/78 

Pulley  Stopped; 

8/18/77 

Greased 

354 

Rope  Alongside 

TA2310 

8/10/78 

Pulley  Stopped; 

2/3/78 

Changed 

Pulley 

188 

Cut  by  Rope 

TA2339 

8/10/78 

Pulley  Stopped; 

1/18/78 

Greased 

204 

Cut  by  Rope 

TA2309 

8/10/78 

Pulley  Down 

5/11/77 

Greased 

91 

CA87  9 

8/15/78 

Pulley  Stopped 

7/20/78 

Changed 

Pulley 

26 

CA7  7  9 

8/15/78 

Pulley  Stuck 

7/20/78 

No  Card 

26 

CA729 

8/15/78 

Bearings  Dry 

8/8/78 

Changed 

Pulley 

7 

CA633 

8/15/78 

Pulley  Down 

8/3/78 

Changed 

Pulley 

12 

CA523 

3/15/78 

Pulley  Stopped 

11/3/77 

Greased 

132 

CA4  99 

3/15/78 

Pulley  Stopped 

11/27/77 

Greased 

108 

CA477 

3/15/78 

Pulley  Stopped 

11/3/77 

Changed 

Pulley 

132 

CA4  2  3 

3/15/78 

Pulley  Stopped; 

12/1/77 

Changed 

Pulley 

104 

Bad  Bearings 

Frame 

CA401 

3/15/78 

Pulley  Stopped 

1/23/78 

Cleaned 

51 

CA349 

3/15/78 

Pulley  Stopped 

3/2/78 

Changed 

Pul ley 

13 

CA2  6  7 

3/15/78 

Pulley  Stopped 

3/2/78 

No  Card 

13 

CA197 

3/15/78 

Rope  Alongside 

11/2/77 

Cleaned 

&  Greased 

13 

Pul ley 

Frame 

CA171 

3/15/78 

Pulley  Stopped 

4/4/77 

Creased 

345 

CA1  61 

3/15/78 

Pulley  Stopped 

11/2/77 

Cleaned 

&  Greased 

133 

CA9  6 

3/15/78 

Pulley  Stopped 

11/2/77 

No  Card 

133 

CA3  9 

3/15/78 

Pulley  Rotation 

11/2/77 

Changed 

Frame  8" 

133 

Slow 

CA11 

3/15/78 

Pulley  Stopped 

9/30/77 

Changed 

P  .A. 

16£ 

CA05 

8/16/78 

Pulley  Stopped 

6/6/77 

Cleaned 

a  Greased 

7 1 

CA2  4 

8/16/78 

Rope  Alongside 

7/24/73 

Changed 

Pulley  i 

24 

Pulley 

Frame 

CA34 

6/16/7C 

Pulley  Door 

8/4  78 

Changed 

Pul ley 

12 

CA4  0 

8/16/78 

Rope  Cut  through 

6/ 4/78 

Changed 

Pul ley 

12 

Framing 

&  Frame 

CA4  4 

8/16/78 

Rope  Alongside 

b/ 4/78 

Changed 

Pulley 

12 

Pulley 

h  Frame 

CA50 

8/16/78 

Bearing  Missing 

11/2/77 

Cleaned 

&  Greased 

287 

CA60 

8/16/78 

Pulley  Stopped 

11/2/77 

Cleaned 

i  Greased 

287 

CA7  0 

8/16/78 

Pulley  Stopped 

3/13/78 

Changed 

Pul ley 

15( 

CA112 

8/16/78 

Pulley  Stopped 

6/12/78 

Changed 

Pulley 

4 

CA152 

8/16/78 

Pulley  Stopped 

11/2/77 

Cleaned 

&  Greased 

287 

C/,210 

8/16/78 

Rope  Alongside 

6/8/78 

Changed 

Pulley 

8 

Pul ley 

&  Frame 

CA2  2  6 

8/16/78 

Pulley  Rotation 

3/13/78 

Changed 

Pulley 

156 

Slow 

&  Frame 

CA25C 

8/16/78 

Flat  Spot  on 

3/13/78 

Changed 

Pulley 

156 

Pulley 

CA2  6.0 

6/16/78 

Pulley  Stopped 

6/1/78 

Changed 

Pulley 

76 

CA200 

8/16/75 

Pulley  Down 

11/2/77 

Cleaned 

&  Greased 

287 

CA3."iO 

8/i6/7e 

Pulley  Stopped 

11/2/77 

Cleaned 

6  Greased 

287 

CA322 

8/16/78 

Pulley  Rotation 

4/7/78 

Changed 

Pulley 

131 

Slow 

CA354 

8/16/78 

Pulley  Rotation 

11/2/77 

Cleaned 

i  Greased 

287 

Slow 
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Chart  1      (cont . ) 


Days  Since 

hatch  Chir.  i  Hensolt  Indirection  Last  Service   Last  Service 


Date 

Malfunction 

Date 

Service 

Performed 

CA363 

8/16/78 

Pulley 
Slow 

Rota  tion 

11/2/77 

Cleaned 

&  Greased 

287 

CA366 

8/16/78 

Pulley 

Stopped 

11/2/77 

Cleaned 

&  Greased 

287 

CA4  8 

8/16/70 

Pulley 

Stopped 

11/2/77 

No  Card 

287 

CA566 

8/16/78 

Pulley 

Rota  tion 

3/14/78 

Changed 

Pulley  & 

155 

Slow 

Frame 

CA590 

8/16/78 

Facing 

Gone 

7/21/78 

Changed 

Pulley 

26 

CA650 

8/16/78 

Pulley 

Stopped 

1/24/78 

Cleaned 

204 

CA780 

8/16/78 

Worn  Facing 

1/24/78 

No  Card 

204 

CA832 

8/16/78 

Pulley 

Stopped 

3/12/78 

Changed 

Pulley 

155 

CA96  6 

8/16/78 

Pulley 

Down 

3/11/77 

Changed 

Pulley 

154 

CA9  8  2 

8/16/7  8 

Pulley 

Down 

J/  1 1/  /  / 

No  Prev 

Record 

154 

CA1016 

8/28/78 

Pul ley 

Out  of 

8/8/78 

v_  1 1  ca  1 J  y  tr  u 

"Dili  1  an 

8 

Frame 

CA1 04  6 

0/  *  o  /  /  0 

Pulley 

Stopped 

5/2/77 

Cleaned 

t  Greased 

116 

CA107  6 

8/28/78 

Pulley 

Rotation 

5/9/77 

111 

Slow 

CAI 08  0 

8/28/78 

Rope  Alongside 

7/29/78 

Pul ley 

30 

Pulley 

CAl 086 

fi/28/78 

Pulley 
Slow 

Rotation 

5/5/77 

l—  1  1  a  1 1  <J  fcr  LI 

Pulley 

115 

CA1176 

8/28/78 

Pulley 

Rotation 

5/12/77 

Cleaned 

1 

108 

CAl 1 8  8 

8/28/78 

Pulley 

Stopped 

5/12/77 

Cleaned 

108 

CA1274 

8/28/78 

Pul ley 

Stopped 

11/16/71 

Changed 

pearings 

273 

CA1230 

8/28/78 

Pulley 

Stopped 

10/20/7'; 

Cleaned 

!&  Greased 

312 

CA1382 

8/28/78 

Pulley 

Stopped 

10/19/7-; 

Greased 

313 

CAl 480 

8/28/78 

Pul ley 

Stopped 

12/1/77 

Changed 

Pul  lei- 

270 

CA1514 

8/28/78 

Pulley 

Out  of 

12/13/77 

Changed 

Pulley 

281 

Frame 

CAl  53& 

9/1/7  8 

Pul  lei- 

Stopped 

6/13/77 

Cleaned 

78 

CAl  54  6 

9/1/78 

Pulley 

Stopped 

5/2/77 

Greased 

152 

CAl 4  31 

9/1/7  8 

Pulley 

Stopped 

10/7/77 

Changed 

Pulley 

329 

CAl 3  21 

9/1/7  8 

Pulley 

Out  of 

8/2/76 

Changed 

Pulley 

28 

Frame 

&  Frame 

CAl 2  4  3 

9/1/78 

Pulley 

Stopped 

10/3/77 

Changed 

Pulley 

33i 

CA1199 

9/1/78 

Pulley 

Down ; 

10/3/77 

No  Previous  Record 

33; 

Cut  by- 

rope 

CAl 18  3 

9/1/78 

Pulley 

Down ; 

5/5/78 

Changed 

Pulley 

11  E 

Cut  by 

Rope 

CAl 177 

9/1/78 

Pulley 
Noisy 

Flat  Spot 

8/8/78 

Greased 

22 

CAl 163 

9/1/78 

Pulley 

Flat  Spot 

8/8/78 

No  Previous  Recorc 

22 

Noisy 

CA1151 

9/12/78 

Facing 

Worn 

3/29/78 

Changed 

Pulley 

166 

Through 

CA1095 

9/12/78 

Bearing  Dry 

5/18/77 

Changed 

Pulley 

116 

CA1075 

9/12/78 

Pulley 

Out  of 

4/26/78 

Changed 

Pulley 

138 

Support 

CA1061 

9/12/78 

Pulley 

Stopped 

10/24/77 

Changed 

Pulley 

321 

CA1021 

9/12/78 

Extra 

Rntfnm 

Pulley  on 

4/13/77 

Changed 

Bearings 

151 

CA1003 

9/12/78 

Bearings  cut  by 

4/19/78 

Changed 

Pul ley 

145 

Rope 

CA9  4  9 

9/12/78 

Support  Down 

8/28/78 

Changed 

Pul ley 

14 

CA939 

9/12/78 

Extra 

Pulley  on 

5/23/78 

Changed 

Pulley 

112 

Bottom 

2-4-11 


Malfunctioning  pulleys  increase  the  tension  force  required 
to  move  the  cable,  with  consequent  energy  loss.  Assuming 
that  the  approximately  900  carrying,   crown,  and  depression- 
beam  pulleys  only  provide  vertical  support  for  the  rope  -- 
and  without  consideration  of  the  compounding  effect  of  vertical 
and  horizontal  bends  in  the  cable  —  it  would  require  about 
22,000  lb  of  tension  force  to  move  the  cable  if  none  of  the 
pulleys  was  functioning.     When  all  the  pulleys  are  function- 
ing,  the  required  tension  force,  depending  on  pulley  type  and 
bearing  type,   is  as  follows: 

Chart  2 

CARRYING  PULLEYS: 
EFFECT  ON  TENSION  FORCE 
REQUIRED  TO  MOVE  CABLE 


Pulley  Type 

Tension 

Force   (in  lb) 

Bushed  Bearings 

Antifriction  Bearings 

9"  cast  iron 

1950 

975 

9"  aluminum 

1750 

875 

If  15  percent  of  the  pulleys  providing  vertical  support  for 
the  cable  are  not  functioning,   the  tension  force  required  to 
move  the  cable  increases  200  to  400  percent   (again,  without 
considering  the  effect  of  vertical  and  horizontal  bends) : 
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Chart  3 


MALFUNCTIONING  PULLEYS: 
EFFECT  ON  TENSION  FORCE 


(with  15%  of  pulleys  not  providing  vertical  support) 


Tension  Force   (in  lb) 


Pulley 


Type 


Bushed  Bearings 


Antifriction  Bearings 


9 


ii 


cast  iron 


4960 


4130 


9 


ii 


aluminum 


4790 


4045 


Vertical  and  horizontal  bends  in  the  cable  can  increase 
geometrically  the  effect  of  malfunctioning  pulleys  on 
tension  force. 

It  is  clear  from  the  above  calculations  that  inadequate  pulley 
maintenance  results  in  unnecessary  tension  force  and  energy 
loss.     Although  the  substitution  of  9  in.   aluminum  pulleys 
for  the  regular  and  Pacific  Av  pulleys  would  not  reduce 
tension  force  significantly,   their  lighter  weight  —  10  lb, 
as  compared  to  30  lb  —  facilitates  handling  for  maintenance. 
However,   the  polyurethane  facing  wears  through  in  about  60  days 
and  without  it  the  cable  cuts  through  the  aluminum  hub  in  about 
three  hrs.     Sometimes  the  facing  comes  loose,  and  the  pulleys 
often  arrive  from  the  manufacturer  with  aluminum  shavings  in 
the  antifriction  bearings. 
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Illustrations 
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Cable  cutting  shaft  of 
stopped  carrying  pulley 


Cable  cutting  into  groove 
of  stopped  P. A.  carrying 
pulley. 


Stopped  carrying  pulley, 
with  rim  chipped  by 
cable . 


I 


Carrying  pulley  out  of 
frame  and  buried  in 
debris . 


Carrying  pulley  (left) 
out  of  frame  and  dragged 
bv  cable. 


I 

I 
I 
I 
I 
I 
I 
I 


Carrying  pulley  buried 
in  debris,  with  rope 
cutting  shaft. 


Piece  of  polyurethane 
facing  torn  away  from 
groove  of  aluminum 
carrying  pulley. 


Aluminum  shavings  in 
bore  of  aluminum  pulley. 


Aluminum  carrying  pulley  torn  out  of  its 
bearing,  with  a  piece  of  polyurethane 
facing  caught  on  its  shaft. 


Thirty  of  the  forty-five  pulleys  at  the  Columbus  to  Mason 
pull  curve  are  malfunctioning,  stopped,  or  missing  from 
their  stations. 


Figures 
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Attachment  2. 4. A 
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t      —  v  I 

Location 
.  Code  Location 

| 

I-!'--       Mg   1194    !  Cable  Barn 


Me  119  5    i  Cable  Earn  I    Hyde  =6  0 


3— H— 1    1  Ma   j 3 9 6 

PaVi     e.     Pi  v-r 

i 

Hyde   #60  i 

x  j       j  j 

4-P-l    |  Ma  119  7 

La^  ic  .Dcl-Lil 

1 

P/M  #59  j 

X 

y 

5-0-6 

Ma  119  8 

^  Ci  Jw>  J_          ij  Cl  i  J 

Calif  #61  |  X 

X 

6-0-1 

Ma  119  9 

1 

Calif  #61  I 

X 

X 

7-0-t    I   Ca  0000 

Calif.    &  Drumm 

Calif  #61 

X 

X 

l 

E-0-2    i  .Ma  9  01 

Calif.    &  Mason 

Calif  #61 

X 

X 

9-C-7 

Ma  9  00 

Calif.    &  Mason 

Calif  #61 

X 

1  V 

I 

1 

i  r>  —  C  —  ~    1   p£   ~  £ r  2 

Calif.    &  Hyde 

Calif  #61 

X 

I  x 

11-0-5    ;   Ca  1689 

Calif.    S  Van  Ness 

Calif  #61 

V 
I. 

12-0-5 

Ky  15  7  7 

Hyde  &  Pacific 

Calif  #61 

X 

X 

13-H-3 

Hy  2E2S 

Hyde   &  Beach 

Hyde  #60 

X 

X 

14-H-4 

Ky  2886 

Victoria  Park 

Hyde  #60 

X 

X 

15-M-3 

Ta  249  0    {  Bay  &  Taylor 

P/M  #59 

X 

X 

16-P-2 

Po  00  01 

Powell  &■  Market 

P/M  #59 

X 

X 

17-E-2 

Po  10  8  8    I  Powell  &  Wash. 
1 

Hyde  #60 

X 

X 

s 


Line 


c 


a1- 


r  /  F. 


SHEAVE  INSPECTION 


Sheave  Code  Number 
Location 

Hatch  Cover 
Hatch  Frame 
Ladder 
Grease  Guns 
Grease  Lines 
Sheave  Size 
Sheave  Condition 
Sheave  Hub  &  Spokes' 
Sheave  Segments 
Hub  &  Spoke  Cond  . 
Segment  Condition 
Sheave  Bearings 
Sheave  Bearings 
Sheave  Type 
"U"  Frame  Type 
"U"  Frame  Support 
Vault  Condition 
Vault  Lighting 
Crown  Pulley 
Hold  Down  Pulley 
Pulley  Condition 
Pulley  Bearings 
Pulley  Material 
Pulley  Support 
Additional  Remarks: 


l-i-:- 4 


Ma     1194     Cable  Barn 


Wood 

Good 

Good 

Good 

Good 

10  Foot 

Good 


Welded 

Fair 

Fair 


x  Fair 


X 


Fair 
12  Foot 
Fair 


Riveted 

Poor 

Poor 

Poor 

Poor 


Other 


Poor 


Good 
Good 

Babbitt 
Good 


Cast  Iron  

Cast  Iron  

x  Fair 


Fair 
Brass  X 


Steel  _x  Fab 
Steel  X  Fab 

 Poor 

Poor 


Fair 


Poor 


X 


California  x 
California  

Good 
Good 
Good 
Yes 
Yes 
Good 
Babbitt 


Fair 


Fair 


Fair 


NO 


No 


Thomas 

Thomas 

*  X 


Poor 
Poor 


Cast  Iron 
Good 


Fair 
Brass 
Steel 
Fair 


Poor 
Size 
Size 
Poor 

Antifriction 
Eur.  Alum. 
Poor 


-  Incoming  Powell/Mason 


:oce  Number 


Hatch  Cover 
Hatch  Frame 
Ladder 
Grease  Guns 
Grease  Lines 
Sheave  Size 
Sheave  Condition 
Sheave  Hub  &  Spokes' 
Sheave  Segments 
Eub  £  Spoke  Cond . 
Segment  Condition 
Sheave  Bearings 
Sheave  Bearings 
Sheave  Type 
"U"  Frame  Type 
"U"  Frame  Support 
Vault  Condition 
Vault  Lighting 
Crown  Pulley 
Hold  Down  Pulley 
Pulley  Condition 
Pulley  Bearings 
Pulley  Material 
Pulley  Support 
Additional  Remarks: 


2-H-5 


Ma     1195  Cable  Barn 


Calif  ornia_ 
California 


Thomas 
Thomas 


Good 

Good 

Good 

Yes 

Yes 

Good 

Babbitt 

Cast  Iron 

Good 


Fair 
Fair 
Fair 


Poor 


No 


No 


Fair 
Brass 
Steel 
Fair 


Poor 
Poor 
Size 
Size 
Poor 

Anti  friction 


Eur.  Alum. 
Poor 


-     Incoming  Hyde 


Location 
Hatch  Cover 

Ladder 
Grease  Guns 
Grease  Lines 
Sheave  Size 
Sheave  Condition 
Sheave  Hub  &  Spokes! 
Sheave  Segments 
Hub  &  Spoke  Cone  . 
Sec men!  Condition 
Sheave  Bearings 
Sheave  Bearings 
Sheave  Type 
"U"   Frame  Type 
"U"  Frame  Support 
Vault  Condition 
Vault  Lighting 
Crown  Pulley 
Hold  Down  Pulley 
Pulley  Condition 
Pulley  Bearings 
Pulley  Material 
Pulley  Support 
Additional  Remarks 


Ma     1196     Cable  Barn 


wooa 

Good 

Good 

Gooe 

Good 

10  Fool 

Good 


weicec 


Riveted 


Fair 


X  Fair 


Fair 


X 


12  Foot 


X 


Fair 


poor 

Poor 

Poor 

Poor 

Other 

Poor 


Cast  Iron 
Cast  Iron 


Steel  ,X  tab 
Steel   x  Fab 


Good 
Good 

Babbitt 
Good 


X 


Jr'air 


Poor 


X 


Fair 


^oor 


Brass  X 


X  Fair 


Poor 


Outgoing  Hyde 


Hatch  Cover 

Lacier 
Grease  Guns 
Grease  Lines 
Sheave  Size 
Sheave  Condition 
Sheave  Hub  &  Spokes; 
Sheave  Segments  . 
Hub  &  Spoke  Cond  . 
Segment  Condition 
Sheave  Eearings 
Sheave  Bearings 
Sheave  Type 
"U"  Frame  Type 
"U"  Frame  Support 
Vault  Condition 
Vault  Lighting 
Crown  Pulley 
Hold  Down  Pulley 
Pulley  Condition 
Pulley  Bearings 
Pulley  Material 
Pulley  Support 
Additional  Remarks: 


v.ooc 


f  «-.  /-s  r 


V.-00: 
Good 
Good 
10  Foo- 
Good 


119  7     Cable  Barn 

 Welded 

 Fail- 
Fair 
Fair 
Fair 
12  Foot 


X 


Fair 


Riveted 
Poor 
_Poor 
Poor 
Poor 
Other 
Poor 


Cast  Iron  X 


California 
Cal if ornia 


Thomas 


Thomas  Pedestal 


Good 

Good 

Good 

Yes 

Yes 

Good 

Babbitt 

Cast  Iron 

Good 


Fair 


X 


X     Fair  Poo: 


Poor 
or 


25  Fair 

No 


No 

Fair 

Brass 

Steel 

Fair 


_Poor 
Size 
Size 
Poor 

Anti friction 
Eur.  Alum. 
Poor 


8  1 


Outgoing  Powell/Mason 


Sheave  Code  Number 
Location 

Hatch  Cover 
Hatch  Frame 
Ladder 
Grease  Guns 
Grease  Lines 
Sheave  Size 
Sheave  Condition 
Sheave  Hub  &  Spokes) 
Sheave  Segments 
Hub  &  Spoke  Cond  . 
Segment  Condition 
Sheave  Bearings 
Sheave  Bearings 
Sheave  Type 
"U"  Frame  Type 


5-C-6 


Ma  1198     Cable  Barn 


Vvood 

Good 

Good 

Good 

Good 

10  Foot 

Good 


Welded 


_Fair 
Fair 


Fair 
Fair 
12  Foot 


Riveted 

Poor 

Poor 

Poor 

Poor 


Other 


Fair 


X  Poor 


Cast  Iron  X 


California 
California 


Thomas   X_ 

Thomas  Ji 


"U"  Frame  Support  i 

Good 

Fair 

x  Poor 

Vault  Condition  \ 

Good 

x  Fair 

-  -  -•  - 
Poor 

Vault  Lighting  \ 

Good 

x  Fair 

Poor 

Crown  Pulley  i 

Yes 

No 

Size 

Hold  Down  Pulley  \ 

Yes 

No 

Size 

Pulley  Condition  t 

Good 

Fair 

Poor 

Pulley  Bearings  i 

Babbitt 

Brass 

Antifriction 

Pulley  Material  j 

Cast  Iron 

 Steel 

Eur.  Alum. 

Pulley  Support 

Good 

Fair 

Poor 

Additional  Remarks  :i 

Incoming  California 

e-c-i 


Hatch  Cover 


Ladder 
Grease  Guns 
Gresse  Lines 
Sheave  Size 
Sheave  Condition 
Sheave  Hub  &  Spokes- 
Sheave  Segments 
Hub  &  Spoke  Cone  . 
Segment  Condition 
Sheave  Bearings 
Sheave  Bearings 
Sheave  Type 
"U"  Frame  Type 
"U"  Frame  Support 
Vault  Condition 
Vault  Lighting 
Crown  Pulley 
Hold  Down  Pulley 
Pulley  Condition 
Pulley  Bearings 
Pulley  Material 
Pulley  Support 
Additional  Remarks: 


Ms     11 9 £     Cable  Barr. 


tvooc 


Goo; 


Good 
Good 
Good 
10  Foot 
Good 


X 


Fair 
Fair 


X 


r  air 


X 


12  Foot 
Fair 


X 


_ki  ven 

Pocr 
_Poor 

Poor 

Pocr 
_0ther 

Poor 


Cast  Iron  X 


Cast  Iron 


X 


Good 
Good 

Babbitt 

Good 


Fair 
Fair 
Brass 
Fair 


Steel_ 

Sreel 
>: 


X 


X 


Poor 
Poor 

Poor 


X 


California  

California 

Good  Fair 

Good  X  Fair 

Good 

Yes 

Yes   No 

Good   Fair 

Babbitt  Brass 

Cast  Iron   Steel 

Good  Fair 


Thomas 
Thomas 


X 


X 


No 


X  Poor 

 Poor 

 Poor 

 Size 

 Size 

Poor 

Antifriction 

 Eur .   A 1 um . 

Poor 


-  Outgoing  California 


Locatior. 

Hatch  Cover 
r.^zzii  T  r  ame 
L=  3  c  -3  r 
Grease  Guns 
Grease  Lines 
Sheave  Size 
Sheave  Condition 
Sheave  Hub  &  Spokes= 
Sheave  Segments 
Hub  &  Spoke  Cone  . 
Segment  Condition 
Sheave  Bearings 
Sheave  Bearings 
Sheave  Type 
"U"  Frame  Type 
"U"  Frame  Support 
Vault  Condition 
Vault  Lighting 
Crown  Pulley 
Hold  Down  Pulley 
Pulley  Condition 
Pulley  Bearings 
Pulley  Material 
Pulley  Support 
Additional  Remarks 


Ca  000  California  L 


Drumm 


wooc 

Good 

Good 

Good 

Good 

10  Foot 

Good 


x 


x 


x 


V.'elded 

Fair 
Fair 
Fair 
12  Foot 
Fair 


X 


Riveted 

Poor 

Poor 

Poor 

Poor 

Other 

Poor 


Good 
Good 

Babbitt 
Good 


Cast  Iron 
Cast  Iron 

X  Fair 


Steel  .  X 
Steel  x 


Poor 


_X  Fair 

Brass 


hoor 


Fair 
X 


Poor 


California  

California  x 

Good   Fair 

Good   Fair 

Good   Fair 

Yes  X  No 

Yes   No 

Good   Fair 

Babbitt  Brass 


Tnomas 
Thomas 


X  Poor 


Poor 

_Poor 

_Size 

_Size 
stopped 
Poor 


P 


Cast  Iron 
Good 


X  Steel 
Fair 


x  Antifriction 
Eur.  Alum. 


Poor 


Bearings-Lower  Warm-Uppe: 


hot — Ceiling  poor-one  section  of  brickwork  i 
fractured-Tail  Sheave. 


SHEAVE  INSPECTION 


Sheave  Code  Number 
Location 

Batch  Cover 
Batch  Frame 
Ladder 
Grease  Guns 
Grease  Lines 
Sheave  Size 
Sheave  Condition 
Sheave  Bub  &  Spoke: 
Sheave  Segments 
Hub  &  Spoke  Cond  . 
Segment  Condition 
Sheave  Bearings 
Sheave  Bearings 
Sheave  Type 
"U"  Frame  Type 
"IT1  Frame  Support 
Vault  Condition 
Vault  Lighting 
Crown  Pulley 
Bold  Down  Pulley 
Pulley  Condition 
Pulley  Bearings 
Pulley  Material 
Pulley  Support 
Additional  Remarks: 


e-c-2 


Ma  901  Mason  &  California 


Wood 

Welded 

X  Riveted 

Good 

X 

Fair 

Poor 

Good 

X 

Fair 

Poor 

Good 

X 

Fair 

Poor 

Good 

X 

Fair 

Poor 

10  Foot 

X 

12  Foot 

Other 

Good 

G 

Fair 

Poor 

Cast 

Iron 

Steel  .x  Fab. 

Cast 

Iron 

Steel  x  Fab 

Good 

X 

Fair 

Poor 

Good 

Babbitt 

Good 


X  Fair 

Brass  X 


Poor 


Fair 


Poor 


California  X 

California  

Good  X  Fair 

Good  X  Fair 

Good  X  Fair 

Yes  x  No 

Yes   No 

Good   " 

Babbitt 


Thomas 
Thomas 


Poor 
Poor 


Poor 
Size 
Size 


Cast  Iron 
Good 


^  Fair 

 Brass 

x  Steel 


Fair 


Poor 

Antifriction 
Eur.  Alum. 
Poor 


Outgoing  Cal.  Exposed 


beams  need  cleaning  and  painting. 


Sheave  Code  Nuifche: 
Location 

Hatch  Ccver 

Ladder 
Grease  Guns 
Grease  Lines 
Sheave  Size 
Sheave  Condition 
Sheave  Hub  &  Spokes? 
Sheave  Segments 
Hub  £  Spoke  Cone  . 
Segment  Condition 
Sheave  Bearings 
Sheave  Bearings 
Sheave  Type 
"U"  Frame  Type 
"U"  Frame  Support 
Vault  Condition 
Vault  Lighting 
Crown  Pulley 
Hold  Down  Pulley 
Pulley  Condition 
Pulley  Bearings 
Pulley  Material 
Pulley  Support 
Additional  Remarks:] 


Ma  9  00     Mason  &  California 


vvOOC 

Good 

Good 

Good 

Good 

10  Fooi 

Good 


X 


X 


welcec 

Fair 

Fair 

Fair 

Fair 

12  Foot 


Fair 


_Rivetec 

Poor 

Poor 
_Poor 
_Poor 
_Other 

Poor 


Good 
Gooc 

Babbitt 
Good 


Cast  Iron  

Cast  Iron  

v  Fair 


Steel  X  Fab. 


Steel  X  Fab. 


Poor 


X 


Fair 


-oor 


Brass 
X  Fair 
California  X 


X 


Poor 


Cal if ornia 


Thomas 
Thomas 


Good 

Good 

Good 

Yes 

Yes 

Good 

Babbitt 

Cast  Iron 

Good 


X  Fair 


X  Fair 


_X  Fair 

No 


X  No 


_X  Fair 

 Brass 

 Steel 

>  Fair 


_Poor 
_Poor 

Poor 

Size 

Size 

Poor 

Anti  friction 
Eur.  Alum. 


14" 


Poor 


incoming  Cal   90       Hold  down 


i  could  be  raised  so  rope  wxald  be  centered. 


Exposed  Beams  need  painting  -  Rusty. 


LocsiLion 


Hatch  Cover 
Hatch  Frame 
LHccsr 
Grease  Guns 
Grease  Lines 
Sheave  Size 
Sheave  Condition 
Sheave  Hub  &  Spoke 
Sheave  Segments 
Hub  £  Spoke  Cond  . 
Seament  Condition 
Sheave  Bearings 
Sheave  Bearings 
Sheave  Type 
"U"  Frame  Type 
"U"  Frame  Support 
Vault  Condition 
Vault  Lighting 
Crown  Pulley 
Hold  Down  Pulley 
Pulley  Condition 
Pulley  Bearings 
Pulley  Material 
Pulley  Support 
Additional  Remarks 


Wood 


Ca  1402     California  e.  Kyae 

X 


Vveldec 


Rivex.ec 


Good 
Good 

X 

Fair 

Poor 

Fair 

Poor 

Good 

X 

Fair 

Poor 

Good 

10  Foot 

Good 

X 

Fair 

Poor 

X 

12  Foot 

Other 

X 

Fair 

Poor 

Cast  Iron  x 


Cast  Iron  x 


Steei_ 
Steel 


Good 

X  Fair 

Good 

X  Fair 

Babbitt 

Brass 

Good 

X  Fair 

Poor 
Poor 


X 


Poor 


Calif  ornia_ 
California 


X 


Thomas 
Thomas 


Good 
Good 
Good 
Yes 
Yes 

Good 

Babbitt 


X  Fair 
X  Fair 
X  Fair 

No 


X  N° 
Fair 

Brass 


X 


Cast  Iron  __X  Steel 

Good  X 
Strand  alarm 


P 

A 
J 

Beams  need  clean^ 
pa  in ting -Raise  hold  down  to  center  rope  ingro^i 
Bend  Cal  Rope  90° 


Fair 


Poor 
Poor 
Poor 
Size 
Size 
Poor 

Antifriction 
Eur.  Alum. 
Poor 


2C 


SHEAVE 


INSPECTION 


Sheave  Code  Number 
Location 

Hatch  Cover 
Ketch  Frame 
Ladder 
Grease  Guns 
Grease  Lines 
Sheave  Size 
Sheave  Condition 
Sheave  Hub  &  Spokes' 
Sheave  Segments 
Hub  &  Spoke  Cond  . 
Segment  Condition 
Sheave  Bearings 
Sheave  Bearings 
Sheave  Type 
"U"  Frame  Type 
"U"  Frame  Support 
Vault  Condition 
Vault  Lighting 
Crown  Pulley 
Hold  Down  Pulley 
Pulley  Condition 
Pulley  Bearings 
Pulley  Material 
Pulley  Support 
Additional  Remarks: 


ll-C-5 


Ca  1689     California  &  Van  Ness 


Wood 

Welded 

X  Riveted 

Good 

X 

Fair 

Poor 

Good 

X 

Fair 

Poor 

Good 

X 

Fair 

Poor 

Good 

X 

Fair 

Poor 

10  Foot 

X 

12  Foot 

Other 

Good 

X 

Fair 

Poor 

Cast 

Iron  X 

Steel 

Cast 

Iron 

Steel  x 

Good 

X 

Fair 

Poor 

Good 

X 

Fair 

Poor 

Babbitt 
Good 


Brass  X 


X  Fair 


Poor 


California  X 


California  x 
X 


Thomas 
Thomas 


Good 
Good 
Good 
Yes 
Yes 
Good 
Babbitt 
Cast  Iron 
Good 

Tail  sheave 


Fair 


Poor 


Fair 


Fair 


No 


_No 
Fair 
Brass 
Steel 
Fair 


Poor 
Poor 
Size 
Size 
Poor 

Antifriction 
Eur.  Alum. 
Poor 


X 


Exposed  wiring-Only  operating  bulb  in  fuse  box 


SHEAVE  INSPECTION 


Sheave  Code  Numbe 

r  f_.  12-C-3 

Location 

j        Hy  1577 

Hyde  &  Pacific 

Batch  Cover 

i  Wood 

Welded 

X  Riveted 

Hatch  Frame 

1  Good 

X  Fair 

Poor 

Ladder 

J  Good 

x  Fair 

Poor 

Grease  Guns 

i  Good 

X  Fair 

Poor 



Grease  Lines 

i  Good 

X  Fair 

Poor 

Sheave  Size 

'    1 D  Fnof 

12  Foot 

X  Other 

Sheave  Condition 

i  Good 

Fair 

X  Poor 

Sheave  Hub  &  Spoke 

s*  Cast 

Iron  X 

Steel  ^ 

Sheave  Segments 

u  \ —  u  o  L 

Iron  x 

Steel 

Hub  &  Spoke  Cond  . 

'  Good 

X  Fair 

Poor 

Segment  Condition 

'  Good 

Fair 

x  Poor 

Sheave  Bearings 

J  Babbitt 

Brass 

X 



Sheave  Bearings 

i  Good 

X  Fair 

Poor 

| 

f 

Sheave  Type 

|            California  X 

Thomas 

a 

1 

"U"  Frame  Type 

»            California  ^ 

Thomas 

"U"  Frame  Support 

i  Good 

X  Fair 

Poor 

1 

P 

Vault  Condition 

|  Good 

X  Fair 

Poor 

Vault  Lighting 

Good 

Fair 

Poor 

A  i 

Crown  Pulley 

Yes 

No 

Size 

-i 

Hold  Down  Pullev  ' 

Yes 

No 

Size 

Pulley  Condition  \ 

Good 

Fair 

Poor 

■ 

P 

Pulley  Bearinqs  ! 

Babbitt 

Brass 

Antifriction 

Pulley  Material 

Cast  Iron 

Steel 

Eur.  Alum. 

P 

Pulley  Support 

Good 

Fair 

Poor 

■ 

Additional  Remarks  jl 

Beams  need  cleaning  & 

paint inc 

No  lights -dr a 

in  open,  tail  sheave  pa  Cal 

Rope 

i                _  _   

'Bend   Cal  Rope  b*u~- 


SHEAVE  INSPECTION 


Sheave  Code  Number 
Location 

Hatch  Cover 
Hatch  Frame 
Ladder 
Grease  Guns 
Grease  Lines 
Sheave  Size 
Sheave  Condition 
Sheave  Hub  &  Spokes* 
Sheave  Segments 
Hub  &  Spoke  Cond  . 
Segment  Condition 
Sheave  Bearings 
Sheave  Bearings 
Sheave  Type 
"U"  Frame  Type 
"U"  Frame  Support 
Vault  Condition 
Vault  Lighting 
Crown  Pulley 
Hold  Down  Pulley 
Pulley  Condition 
Pulley  Bearings 
Pulley  Material 
Pulley  Support 
Additional  Remarks 


13-H-3 


Hy  2828     Hyde  &  Beach 


Wood 

Good 

Good 

Good 

Good 

10  Foot 

Good 


Welded 


X  Fair 


_X  Riveted 

Poor 


*  Fair 

x  Fair 


Poor 
Poor 


2f  _Fair 

12  Foot 


Poor 


x  Other 


Fair 


Poor 


Cast  Iron  X 

Cast  Iron  x 

Good 
Good 

Babbitt 
Good 


Fair 
Fair 
Brass 


Steel 
Steel 


 Poor 

x  Poor 


X 


X  Fair 
California  x 
California  x 

Good 
Good 
Good 
Yes 
Yes 

Good  2  Fai*" 

Babbitt   Brass 

Cast  Iron   _Steel 

Good  X  Fair 


Poor 


Thomas 
Thomas 


X  Fair 

*  Fair 

 Fair 

 No 

X  No 


Poor 


Poor 


Poor 
Size 
Size 
Poor 

Ant i  friction 


20" 


Eur.  Alum, 
Poor 


No  lights  -  12'  Sheave- 


Bend  rope  90°"  to  table 


Sheave  Code  Number  1 

14-E-4 

T.ncation 

By  2886  Victoria  Park 

Katch  Cover  i 

Wood 

Welded 

x  Riveted 

Hatch  Frame  I 

Good 

X  Fair 

Poor 

Ladder  \ 

Good 

X  Fair 

Poor 

Grease  Guns  \ 

Good 

x  Fair 

Poor 

Grease  Lines  t 

Good 

x  Fair 

Poor 

Sheave  Size  j 

10  Foot 

x     12  Foot 

Other 

Sheave  Condition  j 

Good 

Fair 

X  Poor 

Sheave  Hub  &  Spokes' 

Cast 

Iron 

Steel  x 

Sheave  Segments  \ 

Cast 

Iron  x 

Steel 

Hub  &  Spoke  Cond  .  i 

Good 

X  Fair 

Poor 

Segment  Condition  J 

Good 

Fair 

X  Poor 

Sheave  Bearings  } 

Babbitt 

Brass 

X 

Sheave  Bearings  i 

Good 

Fair 

Poor 

Sheave  Type  • 

California 

Thomas 

"U"  Frame  Type  j 

California  x 

Thomas 

"U"  Frame  Support  i 

Good 

X  Fair 

Poor  . 

Vault  Condition  | 

Good 

X  Fair 

Poor 

Vault  Lighting  \ 

Good 

X  Fair 

Poor 

Crown  Pulley  i 

Yes 

No 

Size 

nuiu    uuwn    r Uilcy 

Yes 

No 

olZc 

Pulley  Condition 

Good 

Fair 

Poor 

Pulley  Bearings  \ 

Babbitt 

Brass 

Antifriction 

Pulley  Material  I 

Cast  Iron 

__Steel 

Eur.  Alum. 

Pulley  Support  I 

Good 

Fair 

Poor 

Additional  Remarks  ti 

lower  bearing  hot- 

alarm-Tail  sheave 


Sr.ea.ve  Code  Rubber 
Loca-ion 


Hatch  Cover 
Kerch  Frame 
Ladder 
Grease  Guns 
Grease  Lines 
Sheave  Size 
Sheave  Condition 
Sheave  Hub  &  Spokes; 
Sheave  Segments 
Hub  &  Spoke  Cond  . 
Segment  Condition 
Sheave  Bearings 
Sheave  Bearings 
Sheave  Type 
"U"  Frame  Type 
"U"  Frame  Support 
Vault  Condition 
Vault  Lighting 
Crown  Pulley 
Hold  Down  Pulley 
Pulley  Condition 
Pulley  Bearings 
Pulley  Material 
Pulley  Support 
Additional  Remarks: 


Wood 

Good 

Good 

Good 

Good 

10  Foot 

Good 


 Vie  1  dec 

 Fair 

 Fair 

x  Fair 


Kivereo 


X  Poor 


X 


Fair 


12  Fool 


Fair 


j-'oor 
Poor 
Other 
Poor 


Cast  Iron 


X 


Cast   Iron  x 
Good  X  Fair 

Good 
Eabbitt 
Good 


Steel 
Steel 


X 


Fair 


Brass 


Poor 
Poor 


X 


Hot 


 Fair 

California  

California  x 

Good 
Good 
Good 
Yes 
Yes 
Good 
Babbitt 
Cast  Iron 
Good 


X 


Poor 


Thomas 
Thomas 


X  Fair 

 Fair 

 Fair 

X  No 

 No 

 Fair 

_X  Brass 

 Steel 

x  Fair 


Poor 
Poor 
Poor 
Size 
Size 


PA 


_X  Poor 

Antifriction 
x     Eur.  Alum. 


Poor 


No  lights  -  Bearings  very  warm- 


Tail  Sheave 


SHEAVE   INSPECT I OK 


Sheave  Code  Number 
Location 

Hatch  Cover 
Hatch  Frame 
Ladder 
Grease  Guns 
Grease  Lines 
Sheave  Size 
Sheave  Condition 
Sheave  Hub  &  SpokesJ 
Sheave  Segments 
Hub  &  Spoke  Cond  . 
Segment  Condition 
Sheave  Bearings 
Sheave  Bearings 
Sheave  Type 
"U"  Frame  Type 
"D"  Frame  Support 
Vault  Condition 
Vault  Lighting 
Crown  Pulley  - 
Hold  Down  Pulley 
Pulley  Condition 
Pulley  Bearings 
Pulley  Material 
Pulley  Support 
Additional  Remarks: 


ie-p-2 


Po  0001 

Powell  & 

Market 

Wood 

Welded 

X  Riveted 

Good 

Fair 

X  Poor 

Good 

X 

Fair 

Poor 

Good 

X 

Fair 

Poor 

Good 

X 

Fair 

Poor 

10  Foot 

X 

12  Foot 

Other 

Good 

X 

Fair 

Poor 

Cast 

Iron  x 

Steel  . 

Cast 

Iron  X 

Steel 

Good 

X 

Fair 

Poor 

Good 

X 

Fair 

Poor 

Babbitt 

X 

Brass 

Good 

X 

Fair 

Poor 

California 

rP  V-,  /->.  -~n  "j  c  X 

California 

*P  Vi  r~>m  p  q  X 

Good 

Fair 

X  Poor 

Good 

Fair 

^  Poor 

Good 

X 

Fair 

Poor 

Yes 

No 

Size 

Yes 

No 

Size 

Good 

Fair 

Poor 

Babbitt 
Cast  Iron 

Good 


Brass 
Steel 
Fair 


Antifriction 
Eur.  Alum. 

Poor 


Tail  Sheave 


SHEAVE  INSPECTION 


Sneave  Code  Number 
Location 

Hatch  Cover 
Hatch  Frame 
Ladder 
Grease  Guns 
Grease  Lines 
Sheave  Size 
Sheave  Condition 
Sheave  Hub  &  Spokes) 
Sheave  Segments 
Hub  &  Spoke  Cond  . 
Segment  Condition 
Sheave  Bearings 
Sheave  Bearings 
Sheave  Type 
"U"  Frame  Type 
"U"  Frame  Support 
Vault  Condition 
Vault  Lighting 
Crown  Pulley 
Hold  Down  Pulley 
Pulley  Condition 
Pulley  Bearings 
Pulley  Material 
Pulley  Support 
Additional  Remarks 


Pa     1088     Powell  &  Washington 


Wood 

Good 

Good 

Good 

Good 

10  Foot 

Good 


Wei ded 


_Fair 
_Fair 
x  Fair 


X 


X  Fair 

12  Foot 


Fair 


Riveted 

Poor 

Poor 

Poor 

Poor 

Other 

Poor 


Cast  Iron  x 


Cast  Iron  X 

Good   Fair 

Good  Fair 
Babbitt  X  Brass 

Good   Fair 

California  

California 


Steel 
Steel 


Poor 
Poor 


Poor 


Good 

Good 

Good 

Yes 

Yes 

Good 

Babbitt 

Cast  Iron 

Good 


Fair 


Fair 
Fair 


Thomas   

Thomas   

X  Poor 
Poor 


No 


No 


Poor 
Size 
Size 


_^  Fair 

 Brass 

X  Steel 


Fair 


Poor 

Antifriction 
Eur.  Alum. 
Poor 


X 


Patches  on  sheave  -  Outgoing  Hyde 


Sheave  Code  K umber 
Location 

Hatch  Cover 
Hatch  Frame 
Ladder 
Grease  Guns 
Grease  Lines 
Sheave  Size 
Sheave  Condition 
Sheave  Hub  &  Spokes! 
Sheave  Segments 
Hub  &  Spoke  Cond  . 
Segment  Condition 
Sheave  Bearings 
Sheave  Bearings 
Sheave  Type 
"U"  Frame  Type 
"U"  Frame  Support 
Vault  Condition 
Vault  Lighting 
Crown  Pulley 
Hold  Down  Pulley 
Pulley  Condition 
Pulley  Bearings 
Pulley  Material 
Pulley  Support 
Additional  Remarks 


Powell  &  Washinoton 


Wood 

Good 

Good 

Good 

Good 

10  Foot 

Good 


Welded 


Riveted 


Fair 


Fair 


X 


Fair 


Fair 


Poor 
Poor 
Poor 
Poor 


X 


12  Foot 


Other 


Fair 


Poor 


Cast  Iron  x 
Cast  Iron 


Steel 


Steel  x 


Good 
Good 

Babbitt 

Good 


X  F 


air 


X 


Fair 


Brass 


X 


Fair 


Poor 
Poor 

Poor 


California 
California 


Thomas 
Thomas 


X 


Good 

Good 

Good 

Yes 

Yes 

Good 

Babbitt 

Cast  Iron 

Good 

Powe 1 1 


Fair 

Fair 

Fair 

No 

No 

Fair 

Brass 


_X  Poor 

 Poor 

 Poor 

 Size 

Size 


Poor 

Antifriction 


Steel 

Fair 


Eur.  Alum. 
Poor 


x 


x 


X 


Not  in  use.     Formerly  incoming 


SHEAVE 


INS? ESS I OK 


Shssv€  Code  K umber 
Location 

Ketch  Cover 
Ketch  Frame 
Ladder 
Grease  Guns 
Grease  Lines 
Sheave  Size 
Sheave  Condition 
Sheave  Hub  &  Spokesj 
Sheave  Segments 
Hub  &  Spoke  Cond  . 
Segment  Condition 
Sheave  Bearings 
Sheave  Bearings 
Sheave  Type 
"U"  Frame  Type 
"U"  Frame  Support 
Vault  Condition 
Vault  Lighting 
Crown  Pulley 
Hold  Down  Pulley 
Pulley  Condition 
Pulley  Bearings 
Pulley  Material 
Pulley  Support 
Additional  Remarks: 


Powell  &  Washington 


Wood 

Good 

Good 

Good 

Good 

10  Foot 

Good 


_Welded 

Fair 
_Fair 

Fair 

Fair 

12  Foot 


Riveted 


Poor 
Poor 
Poor 
Poor 


Other 


Fair 


Poor 


Cast  Iron 


Good 
Good 

Babbitt 

Good 


Cast  Iron  * 

X 


Steel 
Steel 


X 


Fair 
Fair 
Brass 


Poor 
Poor 


X  Fair 


Poor 


California 
California 


Thomas 
Thomas 


Good 

Good 

Good 

Yes 

Yes 

Good 

Babbitt 

Cast  Iron 

Good 

Mason . 


Fair 
Fair 
Fair 


No 


No 
Fair 
Brass 
Steel 


>: 


x 


6' 


Poor 
Poor 
Poor 
Size 
Size 
Poor 

Antifriction 


X 


Fair 


Eur.  Alum. 
Poor 


Not  in  use.     Formerly  outgoing 


! 
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Section  2,5 
DEPRESSION  BEAMS 

The  71  depression  beams  included,  at  the  time  of  inspection, 
4  7  of  the  Powell  type,  22  of  the  Hyde  type,  one  1974  experi- 
mental modification  of  the  Powell  type,  and  one  1978  experi- 
mental modification  of  the  Hyde  type, 

2.5.1  Description 
Powell 

Horizontal  arm  —  mild  steel  2  x  1/2  in.  frame  (ASTM  A36) 
enclosing  with  countersunk  bolts  two  bronze  castings 

(ASTM  B22)   and  white-oak  filler;  66  in,  long,  2  to  6  in. 
wide,  2  in.  deep.     Pulley's  —  5  in.  diameter,  steel 

(ASTM  A4140,  BHN240-260) ,  with  antifriction  bearings. 
Pin  at  rear  support  —  7/8  in.  counterweight  lever 
arm  —  mild  steel   (ASTM  A36) ,  15-1/4  x  12-1/2  in.  L- 
shaped  plate.     Counterweight  —  cast  iron,  252  cu  in., 
65  lb. 

Hyde 

Horizontal  arm  ~-  all  steel  welded  construction  (ASTM 
A36) ,  except  cast  steel  pulley  housing;  72  in.  long, 

2  to  6-1/2  in.  wide,  2  in.  deep;  in  shape  of  horizontal 
I  beam,  with  2  x  3/8  in.   flanges,  1/2  in.  thick  web, 
depth  varying  from  2-1/2  to  6-1/2  in.     Pulley  &   (2)    —  5  i 
diameter,  steel   (ASTM  A414  0,  BHN240-260) .     Rear  support 
pin  —  1-1/2  in.  diameter.     Vertical  support  leg  —  3  x 

3  x  1/2  in.  angle   (ASTM  A36) ,  28  in.   long  from  top  of 


support  leg  —3x3  x  1/2  in.  angle   (ASTM  A36) ,   28  in, 
long  from  top  of  arm  t€5  lower  pivot  point.     Diagonal  brace  — 
1-1/4  in.  round  bar,  flattened  at  each  end  at  points  of 
attachment  to  arm.     Bottom  support  bracket        L-shaped  iron 
casting,  with  7  in.  vertical  leg  bolted  to  the  28  in.  vertical 
leg,   and  13  in.  horizontal  leg  which  reacts  against  spring; 
1-1/8  in.  pivot  pin.     Spring  —  steel,   10  in.     Assembly  of 
horizontal  arm,   28  in.  vertical  leg,  diagonal  brace,  and 
pulley  housing  by  bolting  and  riveting;  reinforcing  weldments 
added  to  some  beams. 

Modified  Powell 

Same  as  Powell,  except  arm  of  welded  steel  construction, 
with  integrated  bearing  housing. 

Modified  Hyde 

Horizontal  arm  —  2-1/2  x  3  x  3/8  in.  angle,    (ASTM  A36) ,   68  in 
long,  with  1  in.  thick  Nylatron  GSM  cam.     Pulleys   (2)  — 
5  in.   diameter;   steel  (ASTM  A4140,  BHN240-260) ,  with  shafts 
counter levered  from  angle.     Vertical  leg  —  two  2-1/2  x  3/8  in 
Angle  forming  a  channel  section;   28  in.   long  from  top  of  arm 
to  bottom  of  channel.     Support  point  at  rear  of  arm  and 
bottom  of  vertical  leg  —  3/4-in.  rod-end  bolt  joint. 


2-5-2 
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2.5.2  Inspection 

Powell    (49  inspected,   including  replacement  for 
experimental  type  out  of  service) 

o     Arm:     34  good  —  cam  surface  not  worn,  bolts 
secure,  pulley-mount  casting  securely  fastened 
to  arm  and  not  worn;   6  fair  —  cam  surface 
somewhat  worn,  bolts  secure,  pulley -mount 
casting  securely  fastened  but  showing  some 
abrasion  by  cable;   9  poor  —  cam  badly  worn. 

o     Pulleys   (by  beam) :     24  good  —  rotating  freely, 
antifriction  bearings  supporting  the  pulley 
properly;   8  fair  —  rotating  freely,  antifriction 
bearings  supporting  the  pulleys  properly,  but 
pulley  surface  worn  by  cable  and  cable  not  centered 
in  groove;   17  poor  --  not  rotating  and  causing 
friction  between  pulley  and  cable,  one  or  both 
antifriction  bearings  not  supporting  pulley, 
cable  wearing  groove  at  pulley  edge. 

o     Support  pins:     27  good        rear  pin  and  bracket 
snugly  fitted  and  bracket  securely  fastened  to 
yoke,  rear  pin  securely  fitted  in  tail  of  arm, 
and  rear  bracket  securely  fastened  to  yoke,  close 
fit  of  frame  and  yoke  anchor;     4  fair  —  rear 
bracket  securely  fastened  to  yoke,  close  fit  of 
bracket  and  yoke  anchor,   front  bracket  securely 
fastened  to  yoke,  but  loose  fit  of  pin  in  arm: 
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18  poor        front  bracket  securely  fastened  to  yoke, 
but  very  loose  fit  of  rear  pin  in  arm. 

Hyde   (22  Inspected) 

o    Arm:     16  good  —  cam  surface  not  worn,  pulley 
housing  secure  in  arm  and  not  worn;   6  fair  -- 
cam  surface  somewhat  worn,  pulley  housing  secure 
in  arm  but  showing  some  abrasion  by  cable, 

o    Pulleys   (by  beam):     18  good  —  rotating  freely, 
antifriction  bearings  supporting  the  pulley 
properly;   1  fair  —  rotating  freely,  antifriction 
bearings  supporting  the  pulleys  properly,  but 
pulley  surface  worn  by  cable  or  cable  not  centered 
in  groove;   3  poor  —  not  rotating  and  causing 
friction  between  pulley  and  cable,  one  or  both 
antifriction  bearings  not  supporting  pulley,  cable 
wearing  groove  at  pulley  edge, 

o    Support  pins:     3  good  —  rear  bracket  snugly 

fastened  and  bracket  hole   snugly  fitted  with  rear 
of  arm;   3  fair  —  bottom  pin  securely  anchored  to 
channel  bottom  and  close  fit  between  pivot  arm  pin 
and  bottom  anchor,  front  end  bracket  securely 
fastened  to  yoke,  but  loose  fit  between  bracket 
and  tail  of  beam;  16  poor  —  flat  key  loosely 
fitted  in  tail  of  arm  and  bracket  securely  fastened 
to  channel  bottom,  but  wear  has  resulted  in  loose 
fit  between  pivot  arm  pin  and  channel  bottom  bracket. 
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2.5.3  Evaluation 
Powell 

Deflection  of  the  beam's  cover  plate  by  truck  wheels 
(H20  loading)   create  bending  stresses  in  the  cover  plate 
about  ten  times  the  allowable..     Of  the  16,000  lb  H20 
wheel  load,  13,500  are  transmitted  to  the  10  in.  wide 
plate   (the  wheel  tread  is  about  12  in.)   and  since  under 
H2  0  wheel  loading  the  plate  is  supported  on  one  side  by 
hinges  and  on  the  other  by  the  depression  beam  pulleys, 
half  the  13,500  lbs  are  borne  by  the  hinges  and  half  by 
the  pulleys.     The  beam  is  supported  only  at  its  end  and 
the  6,750  lb  loading  occurs  at  about  the  quarter  point 
of  the  span,  producing  a  bending  movement  of  6  ft-kips, 
which  is  4-1/2  times  the  1.3  ft-kips  bending  movement 
the  frame  is  designed  to  sustain.     Considering  that 
the  beam  was  designed  to  support  the  1200  lb  load  from 
the  cable  and  that  the  bending  stress  produced  by  the 
load  is  within  the  allowable,  it  must  be  the  installa- 
tion of  the  beam  and  inadequate  design  of  the  cover  plate 
that  are  responsible  for  the  overstress  from  H20  loading. 

Because  the  center  line  of  the  beam  support  is  2-1/8  in, 
off  the  center  line  of  the  pulleys,  torsional  movements 
of  2530  in. /lbs  from  cable  loading  or  14  ,400  in. /Lbs  from 
H2  0  loading  are  produced.     This  torsional  movement  is 
transmitted  through  the  beam  to,  and  is  resisted  by, 
the  7/8  in,  diameter  pin  at  the  rear  support  point. 
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It  creates  wear  at  the  rear  pin  support,  and  the  wear 
allows  rotation  of  the  beam.     As  a  result  of  rotation, 
the  beam  can  become  jammed  in  the  channel-shaped 
support  in  which  the  front  end  slides  after  the  grip 
passes,  and  the  jammed  beam  will  catch  the  grip  of  the 
next  car,  bringing  the  car  to  a  sudden  halt.     To  prevent 
jamming,  the  rear  support  pin  and  its  bushing  should  be 
replaced  frequently  and  a  snug  fit  maintained. 

The  composite  wood  and  steel  construction  of  the  beam 
affords  poor  resistance  to  torsional  loads  imposed  by 
H2  0  loading.     On  beams  brought  into  the  cable  car  barn 
for  servicing,  the  frames  are  often  twisted  and  it  is 
evident  that  a  snug  fit  of  the  support  pins  is  not  being 
maintained . 

The  steel  frame  of  the  beam  on  the  grip  side  is  curved 
to  provide  a  smooth  cam  action  for  the  grip  shank.  A 
prime  reason  for  failure  in  the  beam  is  fracturing  of 
the  frame  where  it  is  weakened  by  bolt  holes,  and 
accidents  occur  when  the  grip  shank  and  center  plate 
get  caught  between  the  frame  and  wood  filler,  bringing 
the  car  to  a  sudden  stop,     Methods  of  repairing  the  beam 
contribute  to  metal  fatigue  and  fracture.     Every  time 
the  bolts  are  removed  to  disassemble  the  parts,  a  bent 
beam  is  straightened,  and  the  sections  are  bolted  to- 
gether again  the  metal  is  weakened.     Frequently,  care 
is  not  taken  to  be  sure  that  the  heads  of  countersunk 
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bolts  do  not  protrude  from  the  surface  of  the  cam, 
with  the  result  that  the  grip  shank  strikes  the  bolt 
heads . 

Hyde 

As  the  Powell  beam,  the  Hyde  was  not  designed  for  H20 
loading  which  is  imposed  on  the  pulleys  through  the 
cover  plate,  but  the  increase  in  size  of  the  vertical 
leg  angle  bar  from  3  x  3  x  3/8  in,  to  3  x  3  x  1/2  in. 
reduces  calculated  overstress  from  80  percent  to  40 
percent.     Size  of  the  bolts  attaching  the  vertical 
support  leg  to  the  bottom  pivot  has  been  changed  from 
2-7/16  to  2-3/4  in.  —  one  bolt  in  a  fitted  hole 
and  one  in  a  slotted  hole        reducing  calculated  over- 
stress  from  125  percent  to  50  percent.     The  six  5/8  in. 
machine  screws  that  attached  the  cast- steel  pulley  frame 
to  the  beam  (three  of  which  also  secure  the  beam  to  the 
vertical  leg)  were  changed  to  3/4  in,  rivets,  which  were 
later  reinforced  by  welding;  evidence  of  failures  in 
both  rivets  and  welds  were  observed  in  out'-of -service 
beams  inspected  at  the  barn.     The  loads  transmitted 
through  the  rivets  to  the  vertical  leg  produce  tension 
shearing  and  bending  stresses,  resulting  in  calculated 
overstress  of  120  percent. 
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Illustrations 


Stopped  pulleys  on  Powell  type 
depression  beams   (upper  left 
and  right)   and  pulleys  out  of 
alignment  on  Hyde  type  beam 
(lower) . 


Section  2.6 
RAIL 

Among  the  more  than  eleven  types  of  running  rail  in  the  sys- 
tem are  35  lb,   45  lb,   50  lb,   70  lb,   75  lb,  and  100  lb  Tee 
rail,   and  55  lb,  96  lb,   106  lb,   10  7  lb,  and  110  lb  Trilby 
(girder) .     Most  running  rail  is  50  lb  Tee  and  55  lb  Trilby. 

Slot  rail  includes  38  lb  and  40  lb  slot,   7  in.   Z-bar  slot, 
and  1/2  x  3-1/2  x  5  in.  angle. 

There  are  19  turnouts  and  crossovers. 

2.6.1     Description   (major  types);   see  Figure  2. 6. a. 
50  lb  Tee 

Height,   3-5/8  in.;  base  width,   3-5/8  in.;  head  depth, 
about  1-1/8  in.;  head  width,   2-1/4  in.;  web  thickness, 
5/8  in. ;  plate,   3/4  in.   flat  and  angle,   18  in.  long. 

55  lb  Trilby 

Height,   3-1/2  in.;  base  width,   4  in.;  head  depth,  about 
1-1/8  in.;  head  width,   2-3/16  in.;  flange  width,   1-5/8  i 

web  thickness,   3/8  in, 

40  lb  Slot 

Height,   4-7/8  in. ,  head  width,  2-9/16  in. ;  web  thick- 
ness, 9/16  in. 

Z-bar  Slot 

Cast  steel.     Height,   7  in.    (variable);  base  width,   3  in. 


(variable);  head  width,  2-1/2  in.    (variable);  web  thick- 
ness,  5/8  in.    (variable).     Plate,   5/8  in.    flat,   22  in. 
long . 

Angle    (for  slot) 

Height,   5  in.;  width,   3-1/2  in.;   thickness,   1/2  in.; 
weight,   13.6  lb/ft. 

Turnouts 

Highly  diversified;   specifications  unavailable. 

2.6.2  Inspection 

Running  Rail    (1653  locations) 

Condition  criteria  (based  on  the  shortened  —  11/32  in.  — 
wheel  flange  currently  in  use);   see  Figure  2. 6. a: 

Good  —  head  smooth,   flat,  more  than  about  1/2  in.  in 
depth,  and  not  chipped  at  gauge  line;   fair  --  head 
surface  uneven  or  wavy,   less  than  about  1/2  in.  in 
depth,  with  a  burr  developing  at  outer  edge;  poor  — 
head  surface  very  uneven,   less  than  about  1/4  in.  in 
depth,   and  chipped  at  gauge  line,   and   (on  Trilby)  wheel 
flange  running  in  bottom  of  flange  groove. 


Inspection  results: 


o     Outside  rail   —  387  good,   277  fair,   982  poor. 


o     Inside  rail  --  341  good,   337  fair,   975  poor. 
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Bowing  and  gaps  between  butts  observed  at  various 


locations . 


Slot  Rail    (1543  locations) 

Condition  criteria:     Good  —  corrosion  insignificant, 
no  damage  from  grip  blades,  able  to  support  vehicular 
traffic;   fair  —  significant  corrosion,  flame-cut  to 
remove  slot  blade;  poor  —  considerable  corrosion, 
long  sections  flame-cut  to  widen  slot  where  bent  by 
vehicular  traffic  or  other  causes. 


Turnouts  and  Crossovers   (17  inspected;  one  at  Washing- 
ton and  Hyde  sts  included  under  Section  2.8,  Pull  Curves) 
o     Switch,  mate,  and  frog  rails 

Condition  criteria:     same  as  running  rail 

Inspection  results:     Switch  rails  —  7  good, 
2  fair,   8  poor;  mate  rails  —  8  good,  2  fair, 
7  poor;   frog  rails  —  4  good,  5  fair,  8  poor. 

o     Switch  tongues 

Condition  criteria:     Good  —  straight,  flat, 
little  wear  at  curved  gauge  line,  snug  fit  between 
tongue  shank  and  hol£   in  casting  where  tongueis 


Inspection  results:     960  good,   95  fair,  488  poor 


Slot  width  uneven  at  most  locations. 
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anchored;   fair         straight,   flat,   some  wear  at 
curved  gauge  line,   loose  fit  between  tongue 
shank  and  hole;  poor  —  bent,  uneven,  consider- 
able wear  at  curved  gauge  line,   loose  fit  between 
tongue  shank  and  hole. 

Inspection  results:     4  good,  1  fair,   7  poor. 

o     Slot  guides 

Condition  criteria;     Good        snug  fit  at  pivot 
point,   little  wear  by  grips,  good  alignment  when 
shifted  from  straight  to  curved  slot;   fair  -- 
some  movement  at  pivot  points,  some  wear  by  grips, 
good  alignment;   poor  --  loose  fit  at  pivot  points, 
considerable  wear  by  grips,   incorrect  alignment. 

Inspection  results:     5  good,   5  fair,   2  poor. 

o     Slot  points 

Condition  criteria;     Good  ~-  level  with  slot  rail, 
aligned  with  slot,  11/16  in.   radius;   fair  « —  not 
level  with  slot  rail,   aligned  with  slot,  some 
wear  by  grips,   poor  ---  not  level  with  slot  rail, 
misaligned  with  slot,   considerable  wear  by  grips. 

Inspection  results:     12  good,   2  fair,   3  poor. 

Further  inspection  was  made  by  a  consulting  railway  engineer, 
with  the  following  results    (see  Attachment  2. 6. A): 
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o     California  and  Drumm  sts  (turnout) 

Guard  faces r  gauge  corners,  flangeways,  frog 

intersections  worn. 

o     California  and  Hyde  sts   (upper  crossover  turnout) 
Tongue  switch  good;   flange  bearing  area  of  mate 
worn;   slot  frog  on  main  run  shows  signs  of  having 
been  broken  and  needs  reinforcement. 

o     California  and  Hyde  sts   (lower  crossover  turnout) 
Generally  fair  condition,  except  frog  and  other 
sections  worn  and  need  welding  and  grinding. 

o     California  and  Hyde  sts   (east  turnout  to  Hyde) 
Generally  fair  condition,  but  slot  rail  joint 
apparently  loose;  minor  welding  and  grinding 
needed . 

o     California  and  Hyde  sts    (west  turnout  from  Hyde) 
Generally  fair  condition,  but  frog  lacks  flange 
bearing  tread  and  needs  welding. 

o     California  St  and  Van  Ness  Av  (turnout) 

Back-of-f lange  bearing  of  tongue  unpronounced , 
needs  welding;  mate,   frog,  and  slot  rail  worn 
and  need  to  be  built  up;  slot  point  high  and 
vibrates . 

o    Washington  and  Hyde  sts   (pull  curve  and  crossing 
combined) 

Rail,  guard,  and  other  elements  worn  beyond  repair. 


o     Hyde  St  between  Washington  and  Jackson  sts 
(turnout) 

Generally  poor  conditions         frog  broken,  joint 
at  head  of  frog  has  failed,  and  toe  joint  of  mate 
shows  signs  of  failure;  mate  and  spring  tongue 
switch  in  fair  condition. 

o     Hyde  and  Jackson  sts    (upper  crossover  turnout) 

Generally  fair  condition,  but  some  welding  needed. 

o     Hyde  and  Jackson  sts    (lower  crossover  turnout) 

Generally  fair  condition,  but  welding  and  grinding 
needed . 

o     Filbert  and  Hyde  sts   (lower  crossover  turnout) 

Out  of  service;  piece  of  rail  head  on  frog  broken; 
unused  flangeways  and  slots  welded  shut;  mate  and 
jump  mate  appear  to  be  in  good  condition. 

o     Filbert  and  Hyde  sts    (upper  crossover  turnout) 

Out  of  service;   switch  and  mate  have  been  removed 
and  flangeways  welded  shut.. 

o     Jackson  St  between  Mason  and  Taylor  sts  (turnout) 
Generally  sound,  but  switch  has  crack. 

o    Washington  St  between  Mason  and  Taylor  sts 
Cturnout ) 

Generally  poor  condition;    frog  and  one  slot  frog 
on  main  running  rail  broken. 

o    Washington  and  Mason  sts  (turnout) 


Generally  good  condition,  but  minor  welding 
required  in  mate  flangeway. 

o     Washington  St  between  Powell  and  Mason  sts 

(crossover ) 

Mates  and  switch  badly  worn. 

o     Mason  and  Jackson  sts  (crossing) 
Good  condition. 

o     Powell  St  between  Washington  and  Jackson  sts 
(turnout ) 

Switch  and  mate  worn  and  need  welding;  tongue 
down  and  does  not  provide  proper  guidance  for 
back  of  flange;   slot  frogs  and  center  rail  frog 
worn . 

o     Powell  and  Washington  sts  (turnout) 

Generally  poor  condition.  Mate,  jump  mate,  and 
jump  frog  worn  and  need  welding. 

2.6.3  Evaluation 

Running  Rail 

Deterioration,   including  wear,   has  created  a  high 
potential  for  derailment  on  at  least  one  third  of  the 
track.     The  11/32  in.  cable  car  wheel  flange  is  too 
short  and  a  major  factor  causing  derailment.  That 
derailment  occurs  frequently  is  indicated  by  gouged 
pavement  at  many  locations    (see  Section  2.7) . 

Wear  of  rail  heads  in  the  system  is  due  primarily  to 
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age;  no  other  cause  is  discernible.     Chipping  at  the 
gauge  line  is  due  to  age  and  the  temperature  differential 
between  the  rail  and  welds  produced  by  arc  welding. 
Loose  rail  is  attributable  to  corroded  yoke  and  fasten- 
ways  and  poor  maintenance.     Bowing  is  probably  due  to 
thermal  expansion  that  is  unrestrained  because  of  gaps 
between  butts.     Juxtaposition  of  different  types  of  rail 
precludes  the  tight  fitting  that  would  eliminate  bowing. 

Slot  Rail 

Gaps  between  sections  and  squared-off  butts  increase 
the  possibility  of  loose  rail  becoming  displaced  and 
catching  the  grip.     Juxtaposition  of  different  types 
of  slot  rail  precludes  the  tight  fitting  and  leveling 
of  butts  that  would  reduce  the  hazard  of  displacement. 
Closed  slots  are  due  to  corroded  yokes  and  fastenings 
and   (on  the  California  line)   thermal  expansion  of  the 
adjacent  pavement  on  hot  days.     Wear  on  the  grip  shank 
by  the  slot  rail,  and  vice  versa,   is  increased  when  the 
slot  is  too  narrow. 

Turnouts  and  Crossovers 

Because  of  the  diversity  of  the  rail,  switches,  and 
other  components ,  a  worn  or  broken  segment  cannot  be 
replaced  without  considerable  work  in  the  rest  of  the 
installation.     All  but  three  turnouts  and  crossovers 
can  be  retained  if  necessary,  but  repairs  are  needed  on 
most  and  seven  require  extensive  repair. 


Illustrations 
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Different  types  of  running 
rail   (Powell  near  Clay) . 


Bowing  of  rail,  probably 
due  to  deterioration  of 
yoke  or  fastenings  (Jackson 
between  Powell  and  Mason) . 


Uneven  slot  width,  with 
flame  cutting  of  rail  to 
widen  slot   (Hyde  near 
Greenwich) . 


d  rail  guard 
rail  welded 
ne   (Hyde  to 
turnout) . 


Figures 
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CAMPBELL  ASSOCIATES,  INC. 


HEADQUARTERS:  SAN   FRANCISCO  BAY  AREA 
P.O.    BOX  5182 
WALNUT  CREEK,   CALIFORNIA  94596 
TELEPHONE:  (415)  937-3361 

March  20,  1979 


Chin  &  Hensolt  Engineers  Inc. 

182  Second  Street  CAI  P-1024 

San  Francisco,  California  94104 

Subject:    Inspection  of 

Cable  Car  Trackage 
S.F.  Muni  Railway 

Gentlemen: 

Your  Mr.  Cliff  Nil  an  requested  that  we  make  surface  inspection  of  the 
turnouts  and  special  track  construction  of  the  cable  car  trackage  and  furnish 
a  report  of  our  impressions.    This  inspection  was  made  on  March  15  and  16, 
partly  in  company  of  Mr.  Nilan  and  Mr.  Ed  Pearlstein. 

The  inspection  included  only  those  portions  of  the  track  hardware  that 
are  visible  from  the  surface.    No  measurements  of  gauge,  superelevation,  wear, 
etc.,  were  made.    Inspection  of  the  sub-surface  hardware  was  not  possible  in 
this  brief  review,  except  for  occasional  glimpses  of  pulleys,  etc.  where  main- 
tenance crews  happened  to  have  hatch  covers  removed  as  we  passed. 

We  were  given  to  understand  the  review  was  to  be  part  of  an  effort  to 
determine  how  many  of  the  existing  installations  are  suitable  for  perpetuation 
and  how  many  require  replacement. 

We  were  also  asked  to  comment  upon  any  other  conditions  we  observed 
during  our  inspection. 


Our  first  impression  was  that  all  of  the  turnouts  required  some  degree 
of  welding  and  grinding  maintenance,  and  that  this  work  was  in  an  advanced 
state  of  deferment. 

It  appears  that  the  majority  of  turnouts  are  in  basically  sound  condi- 
tion and  could  be  left  in  service   when  general  track  reconditioning  takes 
place.    Eight  turnouts  require  only  minor,  routine  welding  repairs  and  seven 
need  heavier  welding  which  would  be  justified  in  view  of  their  generally  sound 
condition.    Only  three  turnouts  are  far  enough  gone  to  demand  total  replacement. 
Several  turnouts  in  the  "heavy  repair"  category  require  replacement  of  parts. 

Design  of  the  turnouts  on  the  system  is  very  inconsistent.    Some  appar- 
ently very  early  turnouts  have  a  very  light  design  that  is  weak  and  does  not 
lend  itself  to  replacement  of  parts.    Other  turnouts,  usually  among  those  in 
better  condition,  have  more  orthodox  design,  utilizing  cast  frogs,  mates, and 
switches  of  ordinary  street  railway  design.    Radius  of  curvature  through  the 
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turnouts  varies  considerably.    One  in  particular  has  a  very  broad  radius. 
Others  have  the  entire  curve  between  the  point  of  switch  and  the  slot  rail 
frog.  •  Most  are  somewhere  in  between. 

It  is  our  recommendation  that  a  standard  design  be  evolved,  matching 
the  rail  weight  that  is  to  become  standard  for  the  system,  and  utilizing  cast 
manganese  frogs,  switches,  and  mates.    Manganese  castings  lend  themselves  fav- 
orably to  repairing  and  building  up  by  welding,  and  can  be  removed  and  re- 
placed when  necessary  with  a  minimum  of  field  work.    Radius  of  curvature 
should  be  as  great  as  track  centers  and  alignment  will  allow. 


We  noticed  an  abundance  of  cracked  welds  at  slot  rail  joints  all  over 
the  system.    These  welds  appeared  to  be  shallow  beads  applied  to  the  tops  of 
the  joints.    It  is  recommended  that  these  cracked  joints  be  exposed  enough  so 
that  the  old  welds  can  be  cut  out,  the  ends  of  the  slot  rails  beveled,  and 
full  depth  butt  welds  applied. 


We  noticed  some  highly  unorthodox  welding  procedures,  such  as  the  appli- 
cation of  a  continuous  bead  of  weld  to  build  up  the  gauge  corner  of  the  outer 
rail  of  a  curve.    Measures  such  as  these  are  undoubtedly  undertaken  in  an 
atmosphere  of  desparation  to  keep  the  system  operating;  however  in  some  cases, 
like  this  one,  such  measures  build  more  grief  into  the  system  than  they  relieve. 

We  believe  that  welding  repairs  and  maintenance  can  restore  many  portions 
of  the  system  to  good  condition,  and  can  do  much  to  carry  the  "junk"  portions  of 
it  until  the  contemplated  renewals  are  carried  out.    However,  such  welding  work 
should  be  done  in  a  knowledgeable  way,  using  the  proper  medium  (oxy-acetyl ine 
versus  arc),  and  in  a  thorough  manner  rather  than  a  "quickie"  patch-work 
manner.    It  is  recommended  that  a  welding  "unit"  be  set  up,  consisting  of 
welder,  helper,  (and  flagman  if  necessary)  and  a  well -equipped  truck,  to  method- 
ically take  care  of  the  necessary  work  until  the  large  backlog  of  the  work  is 
eliminated.    The  men  should  be  trained  in  proper  track  welding  technique,  and 
should  be  under  the  direction  of  a  supervisor  who  closely  controls  and  schedules 
the  work. 


We  observed  a  crew  renewing  frozen  curve  pulleys  and  in  several  instances 
we  checked  each  carrier  pulley  over  one  or  two  block  stretches.    Our  impression 
was  that  a  great  lack  of  maintenance  exists  in  this  area.    Apparently  in  some 
places  only  alternate  carrier  pulleys  remain  of  rthose  originally  in  place.  Of 
the  remaining  ones,  many  were  frozen,  some  worn  almost  in  two  by  the  cable. 

Obviously  an  awareness  of  this  condition  must  exist,  and  we  assume  that 
lack  of  manpower  prevents  this  work  from  being  done.    Our  thought  is  that  if 
such  lack  of  maintenance  prevails  after  the  system  is  rebuilt,  it  will  soon 
deteriorate  to  an  unacceptable  level  of  condition  again. 

This  matter  is  possibly  outside  of  the  area  that  we  are  asked  to  study; 
however  we  make  the  suggestion  that  the  existing  crews  can  come  closer  to 
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keeping  up  with  the  work  if  they  operate  in  harmony  with  an  agressive  know- 
ledgeable inspector-supervisor  who  personally  inspects  the  system  and  controls 
and  schedules  the  work. 


The  trackage  at  Hyde  and  Washington  Streets  involves  a  very  cumbersome 
piece  of  construction  where  a  gravity  track  crosses  a  pull  curve.    This  in- 
stallation is  in  very  poor  condition  and  should  be  renewed  soon. 

We  suggest  that  before  the  renewal  is  done,  a  study  be  made  of  the 
possibilities  of  eliminating  this  crossing. 

One  possibility  that  comes  to  mind  is  that  the  easterly  Hyde  Street 
track  be  removed  from  mid-block  between  Clay  and  Washington,  through  the 
crossing,  to  and  including  the  turnout  between  Washington  and  Jackson.  The 
track  would  then  be  connected  to  the  westerly  track  between  Clay  and  Washing- 
ton with  a  new  left  hand  turnout.    A  new  crossover  would  then  be  built  between 
the  two  tracks  remaining  on  Hyde  between  Washington  and  Jackson. 

California  cars  returning  to  the  barn  would  drop  the  rope  north  of  Clay, 
switch  onto  the  up-track,  and  drift  down  against  the  travel  of  the  rope  (in 
full  release).    North  of  Washington  they  would  use  the  new  crossover  to  get  on 
the  easterly  up-track,  take  the  rope,  and  continue  down  Washington  as  at 

present. 


The  rail  in  the  street  is  a  mixture  of  various  sections  of  girder  rail, 
tee  rail,  and  ancient  horse  car  and  cable  car  rails.    Condition  varies  from 
good  to  totally  worn  out.    Joints  are  variously  welded  or  bolted,  some  in  good 
condition,  others  in  loose,  battered,  or  cracked  condition. 

Tee  rails  are  used  without  flangeway  liners,  a  condition  that  is  not 
conducive  to  the  maintenance  of  good  adjacent  pavement. 

There  is  much  evidence  of  patch-work  type  maintenance,  with  an  abundance 
of  "dutchmen,"  some  as  short  as  three  or  four  feet. 

Some  sections  of  track  make  a  fairly  good  appearance  and  their  recon- 
struction may  be  hard  to  justify.    In  particular,  the  trackage  on  Hyde  Street 
that  is  traversed  by  California  cars  on  their  way  to  and  from  the  barn  seems 
to.be  adequate  for  its  intended  purpose. 

Rail  condition  alone  is  not  totally  indicative  of  the  need  to  rebuild 
a  track.    Intensive  spot-checking  of  yoke  condition  should  be  done,  in  view 
of  the  advanced  age  of  most  of  them. 

The  most  desirable  type  of  rail  for  reconstruction  would  be  girder  rail, 
which  is  unfortunately  no  longer  available.    We  believe  that  the  60#  ASCE  rail 
which  has  been  chosen  as  replacement  rail  is  a  good  second  choice.    We  would 
recommend  that  a  bar-type  flangeway  liner  (guard  rail)  be  used  with  this  rail 
in  all  construction.    Thickness  of  the  bar  should  be  not  less  than  3/4",  with 
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adequately  spaced  blocks  and  bolts  to  prevent  deflection  under  heavy  rubber- 
tired  vehicle  load.    Eventual  looseness  of  parts  is  the  major  foe  of  this 
type  of  construction  and  sturdy  initial  construction  is  necessary  to  prevent 
it,    Finn  fastening  of  the  rail  to  the  understructure  is  necessary  to  resist 
the  eccentric  loading  of  the  rail  by  road  vehicles. 

We  believe  that  an  alternate  to  the  presently  used  yoke-and-poured- 
in-pl ace-concrete  construction  can  be  developed,  and  recommend  that  this 
subject  receive  a  thorough  study. 


Comments  on  the  various  turnouts  and  track  components  are  set  forth 
in  the  attached  listing. 


ET:cc 
End. 


Comments  On  Existing  Track  Components 


1  i  form' a  &  Drurnm  Sts.    -  Turnout 

Appears  fairly  solid  but  guard  faces,  gauge  corners,  and  flangeways 
need  building  up.    Shows  signs  of  much  previous  repairing.    Frog  intersection 
badly  in  need  of  welding  repairs  but  doesn't  appear  hazardous.    (No  flange 
bearing  at  frog  intersection.)    Flangeway  of  mate  badly  worn  and  would  be 
hazardous  on  leading  point  turnout  movement  but  OK  for  trailing  point  movement. 
(Presently  used  for  trailing  point  moves  only.) 

Turnout  can  probably  be  put  into  acceptable  condition  by  routine  repairs. 

California  &  Hyde  Sts.    -    Upper  Crossover  Turnout 

Tongue  switch  looks  good.    Flange  bearing  area  of  mate  needs  welding 
and  grinding.    Slot  frog  on  main  run  shows  signs  of  having  been  broken  and 
welded.    Should  be  reinforced. 

Turnout  is  generally  in  fair  condition  and  meeds  only  routine  repairs. 

California  &  Hyde  Sts.    -    Lower  Crossover  Turnout 

Turnout  has  mate  and  jump  mate.    (Used  for  trailing  point  movements 
only.)    Frog  should  be  welded  and  ground.    Minor  welding  and  grinding  should 
be  done  elsewhere. 

Turnout  is  generally  in  fair  condition  and  needs  only  minor  maintenance. 

California  and  Hyde  Sts.    -    East  Turnout  to  Hyde  St. 

Turnout  has  slot  guide  and  is  combined  with  a  pull  curve.    Several  slot 
rail  joints  appear  to  be  loose  and  should  be  checked. 

Turnout  appears  to  be  in  fair  condition  and  needs  only  minor  welding 
and  grinding  maintenance. 

California  &  Hyde  Sts.    -    West  Turnout  from  Hyde  St. 

Turnout  has  mate  and  jump  mate,  for  trailing  point  movements.  Frog 
has  no  flange  bearing  tread  and  needs  welding  repairs. 

Turnout  is  generally  in  fair  condition  and  needs  only  routine  maintenance. 
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California  &  Hyde  Sts.    -    Gravity  Curve 

Curve,  shows  signs  of  derailments  toward  inside  of  curve.    (Curve  has 
guard  rail  on  inner  rail  only.) 

The  condition  of  the  curve  does  not  appear  to  have  contributed  to  the 
derailments.    At  the  time  of  the  inspection  there  was  an  accumulation  of 
gravel  in  the  flangeway  of  the  inner  rail  at  the  point  where  the  derailments 
occurred.    It  is  possible  that  a  larger^accumulation  could  lift  the  flanges 
up  and  allow  them  to  ride  over  the  rail' head.    Periodic  sweeping  of  the 
flangeway  may  help  to  avoid  this  problem.    Application  of  a  guard  rail  to  the 
outer  rail  would  be  a  more  positive  cure. 

California  St.  &  Van  Ness  Ave.    -  Turnout 

Turnout  has  spring  tongue  switch  and  mate,  and  spring  slot  guide. 

i 

Tongue  should  be  welded  for  more  positive  back-of-flange  bearing.  Gauge 
corner  of  tongue  should  be  welded  to  restore  worn  area.    Mate  needs  welding 
and  grinding.    Slot  frogs  are  worn  and  need  building  up  by  welding.  Frog 
is  in  poor  condition  and  needs  welding.    Slot  point  is  about  an  inch  high  and 
vibrates.    Should  be  checked. 

Turnout  appears  to  be  basically  sound  but  is  long  overdue  for  repairs - 
and  maintenance.    This  work  should  be  done  soon. 

Washington  &  Hyde  Sts.    -    Pull  Curve  &  Crossing 

Rails  and  guard  rail  are  beyond  repair  and  should  be  replaced.  The 
crossing  which  carries  the  easterly  Hyde  St.  track  through  the  middle  of  this 
curve  is  hopelessly  beyond  repair.    It  should  be  replaced  in  heavier  construc- 
tionor  preferrably  eliminated.    (See  remarks  about  general  track  revision  in 
Washington-  Hyde  area.) 

Hyde  St.  between  Washington  &  Jackson  Sts.    -  Turnout 

Turnout  is  in  poor  condition.    Frog  is  broken  up  and  probably  beyond 
repair.    Joint  at  heel  of  frog  has  failed  and  requires  replacement  rail.  Slot 
frogs  need  welding.    Spring  tongue  switch  and  mate  in  fair  condition  but  require 
welding.    Toe  joint  of  mate  shows  signs  of  failure. 
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Turnout  should  be  entirely  renewed.    (See  remarks  about  general  track 
revision  in  Washington-Hyde  area.    These  remarks  suggest  that  turnout  be 
changed  from  left  hand  to  right  hand.) 

Hyde  &  Jackson  Sts.    -    Pull  Curve 

Curve  appears  fairly  sound  except  that  guard  rail  is  worn,  permitting 
flanges  to  crowd  gauge  corner  of  outer  rail.    Should  have  new  guard  rail. 

•# 

Hyde  &  Jackson  Sts.    -    Upper  Crossover  Turnout 

Turnout  has  heavy  tongue  switch  and  large  radius  through  turnout. 
General  condition  is  fair  and  could  be  restored  to  good  condition  by  routine 
welding  maintenance. 

i 

Hyde  &  Jackson  Sts.    -    Lower  Crossover  Turnout 

Complicated  turnout  account  crosses  over  to  far  track  of  3-rail  gauntlet 
track.    Turnout  is  fairly  sound  but  needs  welding  and  grinding  repairs. 

Turnout  has  two  mates,  and  leading  point  movements  are  made  on  the 
tangent  run.    Recommend  that  tongue  switch  be  installed.    If  an  obstruction 
in  the  flangeway  of  one  of  the  mates  should  cause  the  wheel  to  deflect  into 
the  diverging  route,  the  grip  would  follow  into  the  wrong  slot  and  damage  to 
the  cable  would  result. 

Filbert  &  Hyde  Sts.    -    Lower  Crossover  Turnout 

Turnout  out  of  service.    Mate  and  jump  mate  appear  sound.    Frog  has 
piece  of  rail  head  broken  out  and  requires  replacement  rail. 

Unused  flangeways  and  slots  are  welded  shut.    Turnout  could  be  re- 
stored to  use  by  making  necessary  repairs. 

It  appears  that  this  crossover  would  be  useful  for  towing  bad-order 
out-bound  cars  to  the  barn  without  having  to  negotiate  the  Hyde  St.  hill, 
and  it  is  suggested  that  its  return  to  service  be  studied. 
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Filbert  &  Hyde  Sts.    -    Upper  Crossover  Turnout 

Turnout  out  of  service.    Switch  and  mate  have  been  removed  and  unused 
flangeways  are  welded  shut.    One  slot  frog  needs  repairs. 

Extensive  work  would  be  necessary  to  restore  turnout  to  usable  condition. 

(Note)  If  the  above  two  turnouts  are  not  to  be  restored  to  service,  they 
should  be  removed. 

Hyde  &  Beach  Sts.    -    Pull  Curve 

Recent  construction.    Broad  radius.    Good  condition. 

Hyde  &  Beach  Sts.    -    Gravity  Curve 

Recent  construction.    Good -condition.    Rails  beginning  to  show  corrugation. 

Jackson  St.  between  Mason  &  Taylor  Sts.    -  Turnout 

Carbarn  inbound  turnout.    Has  heavy  switch  and  mate,  and  insert  frog. 
Switch  body  has  been  much  welded  and  has  a  crack,  but  is  generally  sound. 
Tongue  is  much  welded  but  OK. 

Installation  appears  to  be  very  old,  judging  from  cobblestone  pavement 
in  turnout  area,  but  appears  to  be  in  satisfactory  condition. 

Washington  St.  between  Mason  &  Taylor  Sts.    -  Turnout 

Carbarn  outbound  turnout.    Has  mate  and  jump  mate.    Frog  badly  broken' 
up.    One  slot  frog  broken  on  main  running  rail. 

Turnout  is  generally  in  bad  shape.    Can  be  helped  by  welding  but  should 
be  replaced. 

o 

Washington  &  Mason  Sts.    -  Turnout 

Heavy  construction.    Two  mates.    Approach  curve  in  good  condition. 
Turnout  in  good  condition  except  for  minor  welding    requirements  on  mate 
flangeways. 
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Washington  St.  between  Powell  &  Mason  Sts.    -  Crossover 

Crossover  from  one  side  of  3-rail  gauntlet  to  other  side.  Upper 
PlOUt  has  heavy  switch  and  mate;  lower  turnout  has  two  heavy  mates.  All 
are  badly  worn.    Crossover  could  be  restored  to  reasonable  condition  by 
welding  and  grinding. 

Mason  St.  between  Washington  &  Jackson  Sts.    -  Turnout 

Unused  turnout  in  poor  condition.    Should  be  removed. 

:n  &  Jackson  Sts.    -  Crossing 
Good  condition. 

Mason  &  Jackson  Sts.    Pull  Curve 

Pull  curve  appears  to  be  in  good  condition.    East  end  of  curve  has 
center-rail  frog  where  curve  deflects  from  3-rail  gauntlet  track.    Frog  needs 
welding  build-up.    Approaching  center  rail  in  bad  condition. 

Frog  should  be  renewed  when  approaching  track  is  rebuilt. 

Powell  St.  between  Washington  &  Jackson  Sts.    -  Turnout 

Turnout  diverges  single  track  to  3-rail  gauntlet  track.    Heavy  switch 
and  mate.    Both  need  welding.    Tongue  is  depressed  and  does  not  offer  proper 
guidance  to  back  of  flange.    Slot  frogs  need  building  up.    Center  rail  frog 
needs  building  up. 

Turnout  can  be  put  into  acceptable  condition  by  welding  repairs. 

Powell  &  Washington  Sts.    -  Turnout 

Turnout  has  mate,  jump  mate,  and  jump  frog.    All  need  welding  and  can 
be  helped  out  to  a  more  acceptable  condition,  but  the  general  condition  is 
so  poor  that  the  turnout  should  be  replaced. 
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Powell  &  Washington  Sts.    -    Gravity  Curve 

Upper  end  of  curve  comes  off  3-rail  gauntlet  track.    Center  rail  frog 
is  badly  worn  and  should  have  welding  repairs. 

Powell  &  Washington  Sts.    -    Pull  Curve 

Rails  and  guard  rail  badly  worn  and  loose.    Slot  rails  have  broken- 

joints. 

Curve  should  be  entirely  reworked. 


Section  2.7 
PAVEMENT 

2.7.1  Description 

Pavement  materials  used  in  the  right  of  way  include  inter- 
spersed sections  of  asphaltic  concrete,  concrete,  brick, 
and  cobblestones.     Most  is  asphaltic  concrete,  except  on 
the  California  line  from  Montgomery  St  to  Van  Ness  Av,  where 
most  is  concrete. 

2.7.2  Inspection 

Of  1695  locations  inspected,   419  were  in  good  condition  — 
no  cracks  or  holes;   521  were  in  fair  condition  —  small 
cracks  and  surface  sunk  in  relation  to  top  of  rail;  and 
755  were  in  poor  condition  —  large  cracks  or  holes  along 
side  of  running  rail  and/or  slot  rail  and/or  hatch  frames. 

2.7.3  Evaluation 

Pavement  failures  are  due  to   (1)   cable  car  derailment 
(derailed  cars  sometimes  run  a  block  or  more  before  resuming 
the  track),  with  resulting  deterioration  and  gouging,  which 
is  particularly  unsightly  in  the  brick-paved  areas  at 
Hallidie  Plaza  and  the  Powell  St  mall;    (2)    structural  failure 
of  pavement  plates  and  hatch  frames,  leading  to  lack  of  u 
support  of  local  pavement,  with  the  result  that  it  collapses 
at  that  point  into  the  conduit  channel;  and/or   (3)  loose 
rail  joints,  which  allows  rail  to  move  vertically,  damaging 
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adjacent  pavement.     The  practice  of  filling  holes  in  pave- 
ment- plate  with  rags  and  other  improvised  material  leads  to 
premature  pavement  failure. 
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Section  2.8 
Pull  Curves 

The  system's  12  pull  curves  are  Powell  St  to  Jackson  St 
(two  --  Powell-Mason  line  and  Hyde  line) ,  Jackson  St  to 
Mason  St,  Mason  St  to  Columbus  Av,  Columbus  Av  to  Taylor 
St,   Taylor  St  to  Columbus  Av ,   Columbus  Av  to  Mason  St, 
Jackson  St  to  Hyde  St,  Victorian  Park  to  Hyde  St,  Hyde  St 
to  Washington  St,  Washington  St  to  Powell  St,  and  California 
St  to  Hyde  St. 

2.8.1  Description 

Compound  curves.     Running  rail  —  50-lb  or  100  lb  Tee,  with 
5/8  x  4-1/2  in.  mild  steel  flat-bar  guards.     Slot  rail  — 
40-lb  pulleys  —  cast    steel  ASTM  A148  class  120-95,  250-280 
BHN ,   18-1/2  in.   diameter   (width  3-3/4  or  7  in.),  with  brass 
or  antifriction  bearings.     Chafing  bar  —  mild  steel, 
1  x  3  in. 

2.8.2  Inspection 
Condition  criteria 

o  Running  rail  50-lb  Tee:  same  as  in  Section  2.6. 
o     Running  rail  100-lb  Tee;     good  —  head  3/4  in. 

deep;   fair  --  head  less  than  3/4  in.  deep; 

poor  —  head  less  than  1/2  in.  deep  and/or 

loose  rail. 
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o     Guards:     good  —  securely  fastened  to  running 
rail  at  separators,  joints  securely  welded,  more 
than  9/16  in.  thick  at  top;   fair  —  securely 
fastened  to  running  rail,  joints  securely 
welded,  more  than  3/16  in.  thick  at  top; 
poor  —  loosely  fastened  to  running  rail,  joints 
insecurely  welded  and  forming  butt  joint,  less 
than  7/16  in.  thick  at  top. 

o     Pulley:     diameter  to  cable  groove,  15-1/2  in.; 
good  —  15  in.;   fair  --  14-1/2  in.;  poor  — 
14  in.  or  slowed  or  stopped;  destruction, 
13-1/2  in. 

o     Pulley  bearing:     good  —  holds  pulley  at  center- 
line;   fair  —  holds  pulley  near  centerline; 
poor  —  does  not  allow  pulley  to  rotate  due  to 
excessive  wear. 

o     Pulley  frame:     good  •■ —  upper  and  lower  plates 
securely  fastened  to  end,  no  missing  bolts  at 
bearing  mounts,  only  1/16  in.  play  at  mounting- 
pin  holes;   fair  —  plates  securely  fastened,  no 
missing  bolts,   3/16  in.  play;  poor  —  loose  or 
missing  bolts  and  more  than  3/16  in.  play. 

o     Chafing  bar:     good  —  little  wear  by  grip  and  at 
least  7/8  in.   thick  at  centerline;   fair  -- 
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some  wear  by  grip  and  3/4  in.  thick  at  center- 
line;  poor  —  considerable  wear  by  grip  and  less 
than  3/4  in.   thick  at  center line. 

Inspection  results   (by  curve) 

o     Powell  to  Jackson  —  Powell-Mason  line 

(32  inspection  locations);   see  Figure  2. 8. a 
Outside  rail  —  32  poor;   inside  rail  -- 
32  good;  outside  guard  —  32  poor;  inside 
guard  —  32  poor;   slot  rail  —  32  poor; 
pulleys  --  22  good,  4  fair,  6  poor;  bearings  — 

15  good,  2  fair,   15  poor;   frames  —  29  good, 
1  fair,   2  poor;  chafing  bar  —  32  fair. 

o     Powell  to  Jackson        Hyde  line   (29  inspection 
locations;   see  Figure  2.8  .a 

Outside  rail  --  29  good;   inside  rail  —  29  poor; 
outside  guard  --  29  poor;   inside  guard  —  29 
poor;   slot  rail  —  29  poor,  pulleys  —  22  good, 
5  fair,   2  poor;   bearings  ■ —  12  good,   1  fair, 

16  poor;   frames  —  26  good,   3  poor;  chafing 
bar  —  29  fair. 

o     Jackson  to  Mason   (32  inspection  locations) ;  see 
Figure  2 . 8 . b 

Outside  rail  --  2  fair,  30  poor;  inside  rail  -- 
32  poor;   outside  guard   (29  inspection  loca- 
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tions)    --  29  poor;   inside  guard  --   32  poor; 
slot  rail  —  32  poor;   pulleys  --  12  good, 
13  fair,   5  poor,   2  no  stations;  bearings  -- 
13  good,   6  fair,   11  poor;   frames  --  19  good, 
2  fair,   9  poor;  chafing  bar  —  2  fair,   30  poor. 

o     Mason  to  Columbus   (48  inspection  locations) ; 
see  figure  2.8.C 

Outside  rail  —  32  good,  7  fair,   9  poor;  inside 
rail  —  18  good,   30  fair,  outside  guard 
(16  good,  inside  guard  —  46  good,  2  fair,  slot 
rail  --  37  good,   11  fair,  pulleys  —  8  good, 
7  fair,    33  poor    (24  missing);  bearing 
(24  pulleys)    —  9  good,  1  fair,   14  poor;  frames 
(24  pulleys)  14  good,   6  fair,   4  poor; 

chafing  bar  ~  48  f  air. 

o     Columbus  to  Taylor   (12  inspection  locations) ; 
see  Figure  2  .8  .  d 

Outside  rail  --  12  good;   inside  rail  --  12  good; 
outside  guard  —  none;   inside  guard  --  8  good, 

4  fair,   slot  rail  --  11  good,   1  poor;  pulleys  -- 

5  good,   4  fair,  3  poor;  bearings  --  5  good, 

1  fair,  6  poor;  frames  --  9  good,  1  fair,  2  poor; 
chafing  bar  —  12  fair. 
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o     Taylor  to  Columbus   (18  inspection  location) ; 
see  Figure  2 . 8 . d 

Outside  rail  --  18  good;   inside  rail  —  18  good; 
outside  guard   (3  inspection  locations)    --  3  good: 
inside  guard  —  18  good;   slot  rail  —  18  good; 
pulleys  —  11  good,  2  fair,   4  poor,  1  no  station; 
bearings    (17)   pulleys)    —  6  good,   6  fair, 
5  poor;   frames   (17  pulleys)   13  good,  4  poor; 
chafing  bar  --  18  fair. 

o     Columbus  to  Mason   (45  inspection  locations) ; 
see  Figure  2.8.c 

Outside  rail  —  10  good,  17  fair,  18  poor;  inside 
rail  —  42  good,  2  fair,  1  poor;  outside  guard 
(13  inspection  locations)   —  13  good;  inside 
guard  —  33  good,   7  fair,   5  poor;   slot  rail  — 
29  good,  13  fair,  3  poor;  pulleys  --  14  good, 
4  fair,   27  poor,    (20  missing);  bearings 
(25  pulleys)   —  9  good,  2  fair,  14  poor;  frames 
(25  pulleys)   —  18  good,  2  fair,   5  poor;  chafing 
bar  --  45  fair. 

o    Jackson  to  Hyde   (23  inspection  locations) 
see  Figure  2.8.e 

Outside  rail  —  22  fair,  1  poor;  inside  rail  -- 
23  fair,  outside  guard  —  none;  inside  guard  — 
23  poor;   slot  rail  -  23  good;   pulleys  —  11  good, 
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9  fair,   3  poor,    (1  missing);  bearings 
(22  pulleys)   —  11  good,   4  fair,   7  poor; 
frames   (22  pulleys)   —  19  good,  2  fair,  1  poor; 
chafing  bar  —  23  good. 

o    Victorian  Park  to  Hyde   (32  inspection  locations) ; 
see  Figure  2 . 8. g 

Outside  rail  —  32  good;   inside  rail  —  32  good; 
outside  guard  —  none;  inside  guard  —  18  fair, 
14  poor;   slot  rail  —  32  good;  pulleys  -- 
25  good,   4  fair,   3  poor;  bearings  —  13  good, 
7  fair,   12  poor;   frames  —  29  good,   3  poor, 
chafing  bar  —  30  fair. 

o     Hyde  to  Washington   (36  inspection  locations) 
see  Figure  2.8.f 

Outside  rail  —  9  good,   14  fair,   13  poor;  inside 
rail         36  good;  outside  guard   (10  inspection 
locations)   —  1  good,   4  fair,   5  poor;  inside 
guard  —  6  good,   3  fair,   27  poor;   slot  rail  -- 
36  good;   pulleys  —  23  good,   10  fair,   3  poor; 
bearings  —  15  good,   9  fair,  12  poor;   frames  -- 
33  good,   1  fair,   2  poor;  chafing  bar  <--  7  good, 
29  fair. 
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o    Wash\ ngton  to  Powell   (29  inspection  locations) ; 
see  Figure  2.8.h 

Outside  rail  --  29  poor;   inside  rail  —  29  poor: 

outside  guard  --  29  poor;   inside  guard  — 

29  poor;   slot  rail  —  29  poor;  pulleys  — 

12  good,   7  fair,   10  poor;  bearings  —  10  good, 

4   fair,   15  poor;   frames  —  25  good,   2  fair, 

2  poor;   chafing  —  29  fair. 

o     California  to  Hyde   (32  inspection  locations) ; 
see  Figure  2 . 8 . i 

Outside  rail  --  32  good;   inside  rail  —  32  good; 
outside  guard   (5  inspection  locations)  — 
4  good,   1  poor;   inside  guard   (30  inspection 
locations)   --  3  good,  27  fair;   slot  rail 
(31  inspection  locations)         31  good;  pulleys  — 
12  good,   12  fair,   8  poor,    (2  missing);  bearings 
(30  pulleys)   —  8  good,   3  fair,   19  poor;  frames 
(30  pulleys)   —  26  good,   2  fair,  2  poor; 
chafing  bar  < —  32  good. 

Inspection  results    (by  component;   348  locations) 
o    Outside  rail  —  174  good,   62  fair,  132  poor, 
o     Inside  rail  ---  222  good,   55  fair,   91  poor, 
o     Outside  guard   (166  inspection  locations)  -- 
37  good,   4  fair,   125  poor. 
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o     Inside  guard   (366  inspection  locations)  -- 

114  good,  61  fair,  191  poor, 
o     Slot  rail    (367  inspection  locations)  — 

217  good,  24  fair,  126  poor, 
o     Pulleys  -  177  good,   81  fair,  107  poor 

(47  missing),  3  no  stations, 
o     Bearings   (318  pulleys)         126  good,  46  fair, 

146  poor. 

o     Frames    (318  pulleys)    —  260  good,   19  fair, 
3  9  poor. 

o     Chafing  bar  —  62  good,   274  fair,   32  poor. 
2.8.3  Evaluation 

The  difficulty  in  lifting  hatch  covers  that  weight  125  to 
235  lbs  discourages  inspection  and  maintenance,  and 
inadequate  maintenance  is  primarily  responsible  for  the 
fact  that  at  174  of  the  365  designated  pulley  stations 
inspected  the  pulleys  were  malfunctioning,  stopped,  or 
missing.     Following  is  the  record  of  the  last  maintenance 
performed  on  the  174  pulleys  before  the  Chin  &  Hensolt 
inspection   (maintenance  data  was  collected  from  entries 
on  cards  kept  in  the  cable  machinery  supervisor's  office). 
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Chart  1 


MALFUNCTIONING  PULL  CURVE  FULLEYS : 
LAST  SERVICE  BE1  ORE  C   4   H  INSPECTION 


Days  Since 

Chin  k  Hensolt  Inspection  Last  Service   Last  Servict 


Date- 

Ma  1  function 

Datt- 

Service  Performed 

MA-CO 

5 

1/22/79 

Pulley  Missing 

4/19/77 

Serviced 

64  2 

9 

1/22/79 

Pulley  Stopped 

12/12/7 

Changed  Pulley 

4  1 

151 

11 

1/22/79 

Pulley  Stopped 

8/24/78 

Changed  Pulley 

1  3 

1/22/79 

Pulley  Missing 

4/19/77 

Serviced 

277 

15 

1/22/79 

Pulley  Stopped 

12/12/78  Changed  Pulley 

41 

17 

1/22/79 

Pulley  Missing 

4/19/77 

Serviced 

642 

19 

1/22/79 

Bearings  Dry 

8/12/77 

Changed  Pulley 

162 

21 

1/22/79 

Pulley  Missing 

4/19/77 

Serviced 

642 

25 

1/22/79 

Pulley  Missing 

12/12/78  Changed  Pulley 

4  1 

29 

1/22/79 

Pulley  Missing 

4/19/77 

Serviced 

64  2 

33 

1/22/79 

Pulley  Missing 

4/19/77 

Serviced 

642 

35 

1/22/79 

Pulley  Stopped 

12/13/78  Changed  Pulley 

40 

37 

1/22/79 

Pulley  Missing 

4/19/77 

Serviced 

642 

39 

1/22/79 

Pulley  Missing 

4/19/77 

Serviced 

642 

41 

1/22/79 

Pulley  Stopped 

10/5/78 

Changed  Pulley 

79 

43 

1/22/79 

Pulley  Missing 

4/19/77 

Serviced 

642 

51 

1/22/79 

Pulley  Missing 

4/19/77 

Serviced 

642 

55 

1/26/79 

Pulley  Missing 

4/14/77 

Se  rviced 

643 

57 

1/26/79 

Bearings  B.O. 

4/19/77 

Serviced 

638 

59 

1/26/79 

Pulley  Missing 

4/19/77 

Serviced 

638 

61 

1/26/79 

Pulley  Missing 

4/19/77 

Serviced 

638 

63 

1/26/79 

Pulley  Stopped 

4/19/77 

Serviced 

638 

65 

1/26/79 

Pulley  Missing 

4/19/77 

Serviced 

638 

67 

1/26/79 

Bearings  B.O. 

4/19/77 

Serviced 

638 

69 

1/26/79 

Pulley  Missing 

4/19/77 

Serviced 

638 

73 

1/26/79 

Pulley  Missing 

4/19/77 

No  Record 

638 

75 

1/26/79 

Pulley  Missing 

4/19/77 

No  Record 

638 

77 

1/26/79 

Pulley  Stopped 

6/12/78 

Started 

257 

7  9 

1/26/79 

Pulley  Missing 

6/12/78 

No  Record 

257 

83 

1/26/79 

Pulley  Stopped 

11/16/78  Changed  Pulley 

71 

8  5 

1/2G/7  9 

Pulley  Missing 

11/16/78  No  Record 

71 

8  7 

1  '2G/79 

Bearings  B.O. 

U/16/7J 

:  No  Record 

71 

£  9 

1/26/79 

Bearings  B.O. 

12/5/77 

Start 

52 

2 

1/26/79 

Pulley  Missing 

12/5/77 

Pulley  Missing 

52 

6 

1/2  6/7  9 

Pulley  Stopped 

9/1/78 

Changed  Pulley 

147 

10 

1/26/79 

Pulley  Missing 

9/1/78 

No  Record 

147 

18 

1/26/79 

Pulley  Missing 

5/17/78 

Changed  Pulley 

285 

22 

1/26/79 

Pulley  Missing        H  5/1 7/78 

No  Record 

285 

24 

1/29/79 

Pulley  Missing 

1/30/78 

Greased 

30 

26 

1/29/79 

Bearings  Dry 

12/13/78  New  Pin 

47 

30 

1/29/79 

Pulley  Missing 

12/13/7  8  No  Record 

47 

32 

1/29/79 

Bearings  B.O. 

1/23/78 

Greased  +  Start 

10 

34 

1/29/79 

Pulley  Missing 

1/23/78 

No  Record 

10 

36 

1/29/79 

Bearings  Dry 

1/4/79 

Changed  Pulley 

25 

38 

1/2  9/79 

Pulley  Missing 

1/4/79 

No  Record 

2  5 

40 

1/29/79 

Pulley  Stopped 

1/4/79 

No  Record 

25 

42 

1/29/79 

Pulley  Missing 

1/4/79 

No  Record 

25 

44 

2/2/79 

Pulley  Stopped 

1/4/79 

Changed  Pulley 

56 

46 

2/2/79 

Pulley  Missing 

1/4/79 

No  Record 

56 

48 

2/2/79 

Pulley  Missing 

1/4/79 

No  Record 

56 

50 

2/1/79 

Bearings  B.O. 

1/9/79 

Started 

22 

52 

2/1/79 

Pulley  Stopped 

1/31/78 

Started 

1 

54 

2/1/79 

Pulley  Missing 

1/31/78 

No  Record 

1 

56 

2/1/79 

Pulley  Missing 

3/23/78 

Changed  Pulley 

162 

60 

2/1/79 

Pulley  Missing 

3/23/78 

Changed  Pulley 

162 

64 

2/1/79 

Pulley  Missing 

3/23/78 

No  Record 

162 

66 

2/1/7  9 

Bearings  B.O. 

5/9/78 

Changed  Pulley 

267 

68 

2/1/79 

Pulley  Missing 

3/9/78 

No  Record 

267 

70 

2/1/7  9 

Pulley  Missing 

3/9/78 

No  Record 

267 

72 

2/1/7  9 

Pulley  Stopped 

11/21/78 

Changed  Pulley 

72 

74 

2/1/79 

Pulley  Missing 

Ll/21/78 

No  Record 

72 

76 

2/1/79 

Pulley  Stopped 

11/21/78 

No  Record 

72 

78 

2/1/79 

Pulley  Missing 

11/21/78 

No  Record 

72 

80 

2/1/79 

Pulley  Stopped 

12/13/78 

Changed  Pulley 

50 
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Chart  1  (cont) 


Hatch 


Chin  i  Hensolt  Inspection 


Last  Service 


Days  Since 
Last  Service 


2/1/79 
2/1/79 
2/1/79 
2/1/79 
2/1/79 
2/1/79 
2/1/79 


12/15/78 
12/15/76 
12/12/78 
12/12/78 
12/12/78 
12/12/78 

3/1/79 
1/29/79 
1/29/79 
1/29/79 

1/29/79 
1/29/79 
1/29/79 
1/29/79 


3 

1/29/79 

9 

3/5/79 

11 

3/5/79 

15 

3/5/79 

19 

3/5/79 

27 

3/5/79 

29 

3/5/79 

31 

1/12/79 

35 

1/12/79 

41 

1/12/79 

43 

1/12/79 

45 

1/12/79 

51 

1/12/79 

55 

1/12/79 

57 

1/12/79 

8 

1/12/79 

26 

1/17/79 

34 

1/17/79 

44 

1/12/79 

52 

1/12/79 

54 

1/12/79 

60 

2/6/79 

64 

2/6/79 

2/6/79 

11/29/78 

11/28/78 

11/28/78 

12/15/78 

11/28/78 


12/7/78 

12/7/78 

12/7/78 

12/7/78 

12/7/78 

12/7/78 

12/13/78 

12/13/78 

12/13/78 

12/13/78 


Malfunction 


Pulley 
Pulley 
Pulley 
Pulley 
Pulley 
Pul ley 
Pul ley 


Missing 
Missing 
Stopped 
Miss  ing 
Miss  ing 
Stopped 
Missing 


Bearings  B.O. 
Bearings  B.O. 
Pulley  Stopped 
Pulley  Frame  Brkn 
Pulley  Frame  Brkn 
Shaft  Stopped; 
Pulley  Turning 
Bearings  B.O. 
Pulley  Stopped 
Bearings  B.O. 
Bearing  Bolts 
Miss  ing 

Pulley  Stopped 
Bearings  B.O. 
Bottom  Bearing 
Bearings  B.O. 


BO 


Bearings  B.O. 
Bearings  B.O. 
Bearings  B.O. 
Bottom  Bearing  BO 
Bearings  B.O. 
Bottom  Bearing  BO 
Bearing  B  .0. 
Pulley  Stopped 
Pulley  Stopped 
Bearings  B.O. 
Pulley  Stopped 
Pulley  Dragging 
Top  Bearing  B.O. 
Bottom  Bearing  BO 
Bearings  B.O. 
Bearings  B.O. 
Bearings  B.O. 
Bottom  Bearing  BO 
Bearings  B.O. 
Bearings  B.O. 


Date 


Service  Performed 


Bearings 
Bear  ings 
Bearings  B.O. 


B.O. 
B.O. 


Bearings  B.O. 
Bearings  B.O. 
Bearings  B.O. 
Bearings  B.O. 
Bearings  B.O. 
Frame  Broken 


Bearings  B.O. 
Bearings  B.O. 
Pulley  Missing 
Bearings  Dry 
Bearings  B.O. 
Bearings  B.O. 
Pulley  Stopped 
Bottom  Bearing 
Bearings  B.O. 
Bottom  Bearing 


Dr 


Dr 


L2/13/78 

L2/13/78 

L2/13/78 

L2/13/78 

L2/13/78 

LO/6/78 

LO/6/78 


1/30/78 
6/22/77 
12/4/78 
8/15/78 
8/15/78 
8/16/77 

4/23/78 
7/26/78 
7/26/78 
10/25/78 

B/1B/78 
12/2/77 
4/11/78 
12/4/78 


12/12/77 

6/2/78 

8/26/77 

2/22/76 

5/10/78 

1/21/78 

6/13/77 

7/20/78 

3/13/78 

12/13/77 

4/10/7  6 | 

12/19/77 

5/18/78 

5/9/78 

6/9/77 

12/8/77 

6/20/78 

5/17/78 

10/6/78 

8/9/78 

5/17/78 

8/9/78 

4/10/78 


ll/27/7i 
11/8/78 
7/26/78 
5/12/78 
10/6/7B 
8/28/78 


3/28/78 
11/24/78 
11/24/78 
11/8/78 
6/27/78 
6/27/78 
11/8/78 
1/22/79 
8/4/78  I 

12/13/73 


No  Record 
No  Record 
No  Record 
Pulley  Missing 
Pulley  Missing 
Changed  Pulley 
No  Record 


Changed  Pulley 

Changed  Pulley 

Changed  Pulley 
Greased 

Changed  Pulley 

Changed  Pulley 

Changed  Pulley 

Changed  Pulley 

Changed  Pulley 

Changed  Pulley 

Changed  Pulley 
Greased 

Changed  Pulley 
Greased 


Greased 

Changed 

Greased 

Changed 

Changed 

Changed 

Changed 

Changed 

Greased 

Changed 

Changed 

Changed 

Changed 

Changed 

Cleaned 

Start 

Changed 

Greased 

Changed 

Changed 

Greased 

Changed 

Changed 


Changed 
Changed 
Changed 
Changed 
Changed 
Chanaed 


+  Start 
Pulley 

Pulley 
Pul ley 
Pulley 
Pulley 
Pulley 

Pulley 
Pulley 
Pulley 
Pulley 
Pulley 


Pulley 

Pulley 
Pulley 

Pul ley 
Pulley 


Pulley 
Pulley 
Pul ley 
Pulley 
Pulley 
Pulley 


Greased  +  Started 
Greased  +  Start 
No  Record 
Changed  Pulley 
Changed  Pulley 
No  Record 
Changed  Pulley 
Changed  Pulley 
Changed  Pulley 
Changed  Pulley 


50 

50 

50 

50 

50 

118 

118 


106 
170 
6 

118 
119 
118 

310 
186 
186 
96 

114 
58 
294 
56 


48 

276 

191 

376 

299 

380 

265 

176 

305 

395 

277 

389 

239 

230 

260 

400 

211 

24  5 

79 

156 

150 

181 

261 


71 

21 

95 

200 

70 

91 


254 

13 

13 

29 

163 

163 

35 

22 

131 
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Chart  1  (cont) 


Hatch 


Chin  i  Hensolt  Inspection 


Last  Service 


Days  Since 
Last  Servic 


Date 


Malfunction 


1/22/79 

1/22/79 

1/22/79 

1/22/79 

1/22/79 

3/1/79 

3/1/79 

3/1/79 


3/1/79 

3/1/79 

1/22/79 

1/22/79 

1/22/79 

1/22/79 


1/22/79 
1/22/79 
1/22/79 
1/10/79 
1/24/79 
1/22/79 
1/25/79 
1/25/79 
1/25/79 

1/24/79 
2/15/79 

12/22/78 

1/22/79 

1/25/79 

1/10/79 

1/10/79 


12/22/78 
12/22/78 

12/22/78 

12/22/78 


12/22/78 

12/22/78 

12/22/78 

12/22/78 

12/22/78 

12/22/78 

12/22/78 

12/22/78 

12/22/78 

12/22/78 

12/20/78 

1/24/79 

1/24/79 

1/24/79 

1/24/79 

1/24/79 


Pulley 
Pul ley 
Pulley 
Bearing 
Pulley 
Bearing 
Bearing 
Bear  ing 


Stopped 
Stopped 
Stopped 

B.O. 
Stopped 
B.O. 
B.O. 
s  B.O. 


Bottom  Bearing  B. 
Bearings  B.O. 
Bearings  B.O. 
Bearings  B.O. 
Top  Bearing  B.O. 
Bearings  B.O. 


Bearings  Dry 
Bearings  Dry 
Bearings  B.O. 
Bearings  B.O. 
Pulley  Stopped 
Bearings  B.O. 
Bearings  B.O. 
Bearings  B.O. 
Bearings  B.O.+ 
Pulley  Flat 
Bearings  B.O. 
Bearings  B.O.+ 
Pulley  Flat 
Bearings  B.O. 
Bearings  B.O. 
Pulley  Stopped 
Bearings  B.O. 
Pulley  Stopped 


Pulley  Missing 
Bearings  B.O.  -t 
Pulley  Flat 
Pulley  Missing 

Pulley  Stopped 


Pulley  Stopped 
Pulley  Stopped 
Bearings  B.O. 
Pulley  Stopped 
Bearings  B.O. 
Bearings  B.O. 
Bearings  B.O. 
Bearings  B.O. 
Bearings  B.O. 
Bearings  B.O. 
Pulley  Stopped 
Bearings  B.O. 
Bearings  B.O. 
Bearings  B.O. 
Bearings  B.O. 
Bearings  B.O. 


0 


Date     Service  Performed 


3/2/78 

9/12/77 

11/1/77 

11/1/77 

11/1/77 

1/22/78 

5/30/78 

9/15/77 


12/21/78 

9/20/77 

4/3/78 

9/20/77 

9/20/77 

12/12/79 


11/8/78 

11/8/78 

11/17/77 

2/13/7  e| 

10/24/79 

8/22/78 

8/10/78 

8/1/78 

7/26/78 

8/22/78 
10/20/71! 

6/26/78 
12/9/77 
3/22/7S 
10/20/73 
11/21/78 


5/23/77 
5/23/7S 

1/13/7E 

4/19/7 


12/22/7 
10/18/7 
4/19/77 
4/19/77 
4/19/77 
4/19/77 
4/19/77 
4/19/77 
4/19/77 
2/10/78 
4/19/77 
12/1/77 
11/2/78 
8/23/78 
8/23/78 
8/23/78 


Changed  Pulley  35 
Inspected  +  Greast  1  171 
Changed  Pulley  82 
Changed  Pulley  82 
Serviced  82 
Changed  Pulley  100 
Start  274 
Inspected  +  Greas^P  167 


Changed  Pulley  64 

Greased  496 

Changed  Pulley  293 

Greased  458 

Changed  Pulley  458 

Tighten  Bracket  41 


Changed  Pulley  75 

Changed  Pulley  75 

Changed  Pulley  66 

Start  330 

Inspected  91 

Changed  Pulley  153 

Changed  Pulley  168 

Greased  +  Start  177 

Changed  Pulley  183 

Changed  Pulley  156 

Greased  +  Start  118 

Changed  Pulley  178 

Changed  Pulley  44 

Changed  Pulley  309 

Changed  Pulley  82 

Greased  52 


Cleaned  577 

Cleaned  577 

Changed  Pulley  +  40 
Cleaned 

Changed  Pulley  611 


Cleaned  +  Greased 
Started  I  65 

Serviced  612 

Started  612 

Serviced  612 

Serviced  612 

Serviced  612 

Serviced  612 

Serviced  612 

Cleaned  315 

Serviced  496 
Cleaned  +  Greased  419 

Changed  Pulley  83 

Changed  Pulley  154 

No  Record  154 

No  Record  154 
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The  flat  face  of  the  curve  pulley  tends  to  distort  the  cable 
into  an  oval  shape.     Since  the  radial  load  of  the  cable  on 
each  pulley  is  about  1250  lb  and  at  each  pull  curve  the  load 
is  imposed  about  30  times  at  the  rate  of  three  times  a  second, 
the  effect  is  to  hammer  the  rope  with  a  1200  lb  load.  The 
energy  expended  in  thus  compressing  the  cable  is  not 
recovered,  and  this  accounts  partly  for  the  disparity  between 
the  energy  required  to  bend  the  cable  around  a  90°  pull 
curve  and  the  energy  required  to  turn  it  90°  around  a 
bend  sheave.     The  pull  curve  adds  about  six  percent  to  the 
tension  force  required  to  move  the  cable,  whereas  the  bend 
adds  about  one  and  one-half  percent.     The  tension  force  added 
by  the  pull  curve  becomes  even  greater  when  pulleys  are 
malfunctioning . 

Cracks  observed  in  chafing  bars  at  71  inspection  locations 
are  due  to  weakening  of  the  metal  by  the  countersunk  bolts 
and  welding  used  for  attaching  the  bar  to  angle  brackets. 
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Figures 
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Section  2.9 
BUMPER  BARS 


Bumper  bars  are  located  on  Powell  at  Ellis   (inbound) , 
Powell  at  California   (inbound  and  outbound),  California 
at  Drumm   (inbound) ,  California  at  Mason   (outbound) , 
California  at  Hyde   (outbound) ,  Hyde  at  California  (out- 
bound) ,  Hyde  at  Washington   (inbound) ,  Jackson  at  Hyde 
(outbound) ,  Hyde  at  Beach   (outbound) ,  Washington  at  Mason 
(inbound) ,   Jackson  at  Mason   (outbound) ,  Taylor  at  Bay 
(outbound) ,  and  Mason  at  Washington   (inbound) . 

2.9.1  Description   (see  Figure  2. 9. a) 

Bumper        mild  steel,   2  in.   diameter,  attached  to  yoke 
with  2  x  2-1/2  in.   flat  bars,  with  glass  vial  containing 
white  paint  taped  on.     Alarm  --  pulley,   7  in.  outward 
diameter;    counterweight,    6  cu  in.  on  3/4  x  18  in.  bar 
supported  by  1/2  x  4  in.  bar  attached  to  bumper;  bell, 
9-3/4  in.  outside  diameter. 

2.9.2  Inspection 

Of  the  14  bumper  bars,  11  were  in  good  condition  --  bar 
and  paint  vial  in  place  and  bell  pulley  free  to  rotate; 
and  3  were  in  poor  condition  —  bell  pulley  not  free  to 
rotate . 
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2.9.3  Evaluation 

Bumper  bars  perform  the  function  for  which  they  were 
designed,  but  sometimes  damage  the  cable  severely. 
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Figures 
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Section  2.10 
TAKE-ROPE  GYPSIES 

Only  five  of  the  seven  take-rope  gypsies  in  the  street  are 
in  use.     They  are  located  on  California  St  at  Drumm  St  and 
Hyde  St,   on  Hyde  St  between  Washington  and  Jacksons  sts  and 
between  Jackson  and  Pacific  sts,  and  at  Bay  and  Taylor  sts. 
A  second  one  on  California  at  Hyde  and  another  on  California 
at  Van  Ness  Av  are  not  used. 

2.10.1  Description    (see  Figures  2.10.a,b) 

Lever  --  50  in.   from  fulcrum  to  tip.     Lever  arm  —  12  in.  long. 
Pulley  --  9  in.   diameter,  with  bronze  bushing  and  a  1-1/2  in. 
shaft.     Mechanism  housed  in  a  2  x  3  x  2-1/2  ft     subsurface  pit. 

2.10.2  Inspection 

Of  the  five  gypsies  in  use,   4  were  in  good  condition  —  lever 
arm  securely  attached  to  pivot  shaft,  pivot  shaft  a  snug  fit  in 
pivot  bearing,  bearing  housing  securely  anchored  to  channel 
bottom,  pulley  no  more  than  slightly  worn  at  cable  groove,  and 
pulley  bearing  a  good  fit  on  shaft;  one  was  in  fair  condition  — 
same  as  good  condition,  except  pulley  considerably  worn  at  cable 
groove  and  pulley  bearing  loose  on  shaft. 

2.10.3  Evaluation 

The  gypsy  serves  its  function,  but  dips  are  more  efficient 
because  the  conductor  is  not  required  to  leave  the  car. 
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Figures 
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Section  2.11 

SAFETY  LATCHES 


Safety  latches  are  located  outbound  on  Powell  St  at  California 
St    (2) ,    inbound  on  Hyde  St  at  Chestnut  St   (2) ,   outbound  on 
California  St  at  Mason  St,   inbound  on  Mason  St  at  Green  St, 
and  outbound  on  California  St  at  Stockton  St. 

2.11.1  Description 

Tongue  --  two  3/4  in.   thick  steel  plates   (ASTM  A36)  welded 
together,   3  in.  wide,    11-1/8  in.   long,   7-3/4  in.  centerline 
of  pivot  to  edge,  with  1  in.   diameter,  pivot  pin.     Frame  — 
1x4  in.  mild  steel  bars,  with  33-1/8  x  12  x  1/2  in. 
diamond  cover  plate.     Mounting  bolts  —  3/4  in.     Spring  return 
mechanism  --  9-1/2  in. ,   18  coil,   1-1/2  in.  outside  diameter, 
#5  gauge. 

2.11.2  Inspection    (7  latches) 

Tongues:     6  good  —  little  wear  by  grips,   snug  fit  at  pivot  pin, 
moves  freely  across  slot;   1  fair   (hatch  P0776,  Powell  at 
California)   —  slight  depression  at  edge,   snug  fit  at  pivot 
pin,  moves  freely  across  slot.     Frames:     7  good  —  no  distortion 
and  securely  anchored  to  slot  rail. 
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2.11.3  Evaluation 

Under  the  impact  of  a  car  on  a  safety  latch,   the  grip  will 
bend  at  a  load  of  about  10,000  lb,   the  pivot  pin  will  shear 
at  a  load  of  about  70,000  lb   (the  latch  would  move  about 
one  in.   to  the  rear  and  become  jammed  in  its  housing) ,  and 
the  grip  will  fail  in  tension  or  the  latch  tongue  will  shear 
at  about  180,000  lb.     Before  a  load  of  180,000  lb  is  reached, 
the  grip  track  will  have  been  ripped  from  the  cable  car  or 
the  latch  frame  and  housing  will  have  been  torn  out  of  the 
street.     Impact  creating  such  loads  occurs  only  if  the  car 
rolls  back  down  a  hill  about  one  block.     Ordinarily,   the  car 
rolls  back  only  a  few  ft  and  is  stopped  gently  by  the  latch. 
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Section  2.12 
TURNTABLES 


Turntables  are  located  at  Powell  and  Market  sts,   at  Bay 
and  Taylor  sts,   and  in  Victorian  Park. 

2.12.1  Description 

Table  19  ft  in  diameter,   steel  frame  with  standard  sections 
(ASTM  36)    supporting  wood  decking,  with  running  rail  and 
slot  rail;   70  lb  inverted  Tee  rail  bent  to  6  ft  radius  and 
attached  to  bottom  of  table,   riding  on  12  tapered  flangeless 
cast-steel  wheels  mounted  with  brass  bushings  on  spider  attached 
to  central  pivot  shaft;  wheels  ride  on  70  lb  Tee  rail,  bent  to 
6  ft  radius  and  mounted  on  a  concrete  foundation.     Central  pivot 
provides  partial  support  for  table  through  thrust  buttons. 

2.12.2  Inspection 
Powell  and  Market 

Framing  of  table  warped.     Decking  has  been  shimmed  to  keep 
surface  level.     Upper  and  lower  rails  not  level  and  not 
parallel,   and  table  is  not  being  supported  by  all  12  bearing 
wheels  at  the  same  time.     Many  bolts  attaching  timbers  to 
steel  framing  are  loose. 

Bay  and  Taylor 

All  components  in  good  condition,  except  frame  rusted,  latch 
tongue  worn  excessively.     Mounting  on  latch  support  broken, 
and  latch  handle  bent  and  guides  loose. 
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Victorian  Park   (See  Figures. 2 . 12a ,b , c , d) 
All  components  in  good  condition,  except  dry  rot  in 
wooden  hatch  in  wooden  deck.     Bearings  loose.  Frame 
rusted . 

2.12.3  Evaluation 

Tables  are  too  small  in  relation  to  wheel  base,  creating 
difficulties  in  positioning  car.     Wood  decking  is  subject 
to  swelling  in  bad  weather  and  binds  hatch  covers.  Supporting 
circular  rails  are  located  too  far  from  rim,  with  result  that 
table  framing  warps.     Manual  rotation  difficult  and  unsafe 
for  personnel  in  wet  weather.     Latches  are  undersized  and 
wear  quickly.     Provision  for  conditions  where  car  overruns 
table  is  inadequate. 
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Figures 
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Section  2.13 
HATCHES 

2.13.1  Description 

Of  1921  hatches  inspected,   1239  of  the  covers  were  wrought 
iron  fabricated  with  rivets;   458  were  steel  fabricated  by 
using  electrical  arc  or  flame  welding;   202  were  wood,  made 
of  one  or  two  planks  or  three  or  four  planks  nailed  together 
with  1  x  6  in.  planks,  and  22  were  cast  iron.     Frames  were 
cast  iron  or  steel. 

Covers,  with  frames,  include  (by  type  of  equipment,  size,  and 
number) : 


Carrying  Pulleys 

10-1/2  x  15-1/2  in   1376 

Crown  Pulleys 

16  x  24  in.   158 

16  x  30  in   6 

16  x  32  in   72 

16  x  34  in   92 

16  x  42  in   2 

16  x  46  in   10 

Depression  Beams 

10  x  69  in   71 

14  x  16  in   71 
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Pull  Curves 


16  x  36  in   368 

Horizontal  Sheaves 

covers    (20  x  24  in.)   14 

frames    (20x48  in.)    7 

Grip  take-outs 

12  x  24  in  42 

Safety  Latch 

10  x  24  in   7 

Gypsies 

16  x  24  in  12 

12  x  18  in   6 

Traffic  Control  Switches 

10-1/2  x  15-1/2  in  58 

Sewers 

10-1/2  x  15-1/2  in   10 

Bumper  Bars 

15-1/4  x  22-1/4   in  56 

Summary 

10  x  24  in   7 

10  x  69  in   71 

10-1/2  x  15-1/2   1386 
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Summary  (cont.) 

12  x  18  in   6 

12  x  24  in   42 

14  x  16  in   71 

15-1/2  x  24-1/2  in   56 

16  x  24  in  170 

16  x  30  in   6 

16  x  32  in   72 

16  x  34  in   92 

16  x  42  in   2 

16  x  46  in   10 

20  x  24  in.  covers   14 

20  x  48  in.   frames   7 

2.13.2  Inspection 

Covers:     403  good  --  no  significant  deterioration,  apparently 
capable  of  bearing  heavy  traffic;    570  fair  —  some  deteriora- 
tion,  loose  at  rivets  or  cracks  in  welds;   948  poor  — 
corroded,  worn  thin  by  traffic,  rivets  missing,  and/or  bent. 
Frames:     418  good  —  firmly  anchored,   solidly  constructed, 
providing  good  support  for  cover;   476  fair  —  cracked  and/or 
worn  by  traffic,  but  providing  support  for  cover;   1027  poor  -• 
loosely  anchored,  pieces  broken  loose,  considerably  worn  by 
traffic . 
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2.13.3  Evaluation 

The  prevalent  bending  and  warping  of  the  steel  and  iron  hatch 
covers  and  misalignment  and  fracturing  of  the  frames  are 
caused     primarily  by  traffic  loading  for  which  the  hatches 
were  not  designed.     Angles  used  to  reinforce  metal  covers 
often  break  under  heavy  loading.     Wood  covers  swell  in  wet 
weather,  making  them  difficult  to  remove,  and  they  often 
become  so  loose  in  dry  weather  that  they  can  be  dislodged 
by  surface  traffic.     Weight,  lack  of  hinges,  and  other  design 
problems  of  the  metal  covers  make  them  awkward  to  handle. 
Covers  at  pull  curves  weigh  from  about  120  to  235  lbs  and 
therefore  are  a  hindrance  to  regular  inspection  because  they 
cannot  be  lifted  by  one  man.     The  safety  rail  and  brace  used 
to  prop  open  sheave-pit  hatch  covers  are  insecure  and  there- 
fore unsafe  for  maintenance  personnel,  and  the  hatches  are 
undersized  and  poorly  located  for  convenient  maintenance  and 
replacement  of  sheaves.     The  flexibility  of  depression-beam 
hatch  covers  allow  traffic  loading  to  bear  on  the  pulleys. 
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Illustrations 
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Corroded  underside  of  a 
riveted  pulley  hatch 
cover . 


Rivets  missing  from  a 
pulley  hatch  cover. 


Pull  curve  hatch  covers 
weighing  about  125  lbs; 
one  is  warped. 


Section  2.14 
ELECTRICAL  EQUIPMENT 


Trackway  electrical  equipment  includes  28  traffic  lights,  of 
which  12  have  sensors  that  preempt  the  signal  and/or  restore 
it  to  its  cycle  either  by  a  timer  or  sensor;   9  automatically 
operated  crossbucks;   1  manually  operated  crossbuck;  and  strand 
alarms  located  at  11  locations.     Traffic  signals  are  maintained 
by  the  Department  of  Electricity  and  other  trackway  equipment 
is  maintained  by  Hetch  Hetchy  Water  and  Power  Department. 

2.14.1  Inspection 

All  traffic  lights,  sensors,  crossbucks,  and  strand  alarms 
were  functioning  satisfactorily  at  the  time  of  inspection. 

3.14.2  Evaluation 

At  the  intersection  of  California  and  Powell  sts  the  lights 
are  flashing  red,   instead  of  having  preempts,   and  consequently 
insufficient  heed  is  paid  to  oncoming  cable  cars,  which 
have  the  right  of  way;  attempts  to  time  alternate  green  and 
red  lights  efficiently  have  heretofore  been  unsuccessful. 

At  the  Columbus  to  Taylor  and  Columbus  to  Mason  pull  curves, 
cable  cars  turn  right  on  green  traffic  signals  into  the 
line  of  traffic  on  the  lane  to  the  right  of  the  car. 
Because  there  is  no  special  light  to  warn  vehicles  in  the 
lane  that  the  car  is  about  to  turn,   the  conductor  must 
signal  traffic  to  stop  while  the  car  is  making  its  turn. 
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At  Hyde  and  Beach  sts  passengers  often  disembark  without 
regard  to  vehicular  traffic,  and  vehicles  often  ignore 
the  flashing  red  traffic  signals  at  the  intersection. 

Located  only  in  sheave  pits,   strand  alarms  are  too  far 
between  in  many  stretches  of  the  trackway.     A  broken  strand 
should  be  detected  immediately  after  the  break,  otherwise 
it  might  become  caught  in  a  grip  and  drag  the  car  along 
uncontrollably,  as  happened  in  the  19  71  fatal  accident. 
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Section  2.15 
Energy 

An  analysis  was  made  of  the  energy  consumed  by  the  cable  car 
system. 

2.2.1  Inspection 

Data  about  energy  used  were  gathered  for  both  the  winding 
machinery  and  cable  reeving.     By  continuous  measurement 
of  the  motor  speed  and  secondary  currents,  the  energy 
delivered  at  each  moment  to  the  cable  was  determined  from 
morning  startup  to  shutdown.     The  energy  expended  by  the 
cable  in  bending  at  points  of  flexure,  turning  support 
pulleys,  being  deformed  by-pull  curve  flat-faced  pulleys, 
moving  the  cable  cars,   and  accelerating  the  cars  was 
ascertained  from  published  reference  values  and  field  measure- 
ments, with  an  adjustment  of  these  values  to  reflect  the 
condition  of  the  equipment.     A  computer  program  was  developed 
to  describe  the  energy  stored  in  the  cable  at  each  point  in 
the  system.     The  program  yielded  a  listing  of  the  cable 
tension  preceding  and  following  each  point  and  showing  the 
amount  of  energy  expended  at  the  point  by  the  cable. 

2.2.2  Evaluation 

Cable  tension  ordinarily  varies  from  12,000  lbs  for  the 
incoming  cable  to  3000  lbs  for  the  outgoing,   90  DO  lbs 
being  expended  in  driving  the  sheaves,  pulleys,  cable,  and 


cable  cars.     Pull  curves  and  other  such  devices  absorb  energy 
that  is  in  part  proportional  to  the  cable  tensions,  and  they 
produce  a  loss  of  cable  tension  that  can  vary  from  200  lbs 
for  a  pull  curve  on  the  outgoing  cable  to  800  lbs  for  one 
on  the  incoming  cable.     By  plotting  data  about  cable  car 
position  at  specific  points  on  the  appropriate  line,  with 
varying  headway  schedules,  the  energy  requirements  for  each 
headway  schedule  can  be  determined.     And  by  relating  the 
effect  on  energy  requirements  of  the  relationship  of  the 
location  of  maximum  cable  load  to  the  winding  machinery,  the 
potential  energy  savings  of  rereeving  can  be  determined.  For 
example,  the  cable  tension  required  to  pull  a  car  up  the 
Powell  St:   grade  can  be  reduced  by  about  1000  lbs  if  the 
cable  at  this  grade  proceeds  directly  to  the  winding 
machinery  by  way  of  Powell  and  Washington  sts  instead  of 
following  the  present  route  to  Bay  and  Taylor  sts  and  back 
to  the  winding  machinery. 

Continued  analysis  will  require  determination  of  the  routing 
and  extent  of  each  line,  the  number  of  cable  cars  to  be 
assigned  to  each  line  and  the  headway  schedule,  cable  speed, 
and  the  design  coefficient  of  any  new  or  modified  equipment. 
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Part  3 
Recommendations 


Section  3.1 

CABLE 

Although  the  cable  is  not  within  the  scope  of  work,  evalua- 
tion is  necessary  because  of  its  interface  with  all  subsur- 
face trackway  equipment.     Chin  &  Hensolt  recommends: 

o     Study  of  cable  that  had  qood  wear  characteristics 
in  service,  to  determine  its  metallurgical  and 
chemical  composition,  methods  of  fabrication,  heat 
treatments,   cold  working  during  fabrication,  and 
proper  specification  limits  for  the  finished  product, 
o     Exploration  of  alternative  cable  construction;  for 
example,   a  Seale  pattern  instead  of  the  current 
Warrington  pattern,  with  crown  wires  of  a  uniform 
0.112  in.  diameter, 
o     Reexamination  of  use  of  polypropylene  fiber  core, 
because  it  might  provide  such  benefits  as  less 
stretching,  more  uniform  cable  diameter,  and  less 
deterioration  resulting  from  water  penetration  of 
the  core. 

o     Investigation  of  alternative  lubricants  (including 
waxes,  gear  lubricant,  and  dry  lubricants),  galva- 
nizing,  and  elimination  of  an  external  lubricant  to 
determine  the  best  method  of  achieving  a  satisfac- 
tory coefficient  of  friction  with  the  grip  while 
eliminating  the  disadvantages  of  pine  tar  —  pine  tar 
becomes  an  adhesive  at  room  temperature  and  tends 
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to  build  up  on  pulleys  and  sheaves,   increasing  drag 
on  the  cable;   and  iron  particles  worn  from  the  cable, 
grip,  and  pulleys  become  imbedded  in  the  pine  tar, 
acting  as  an  abrasive, 
o     Investigation  of  alternative  material  for  grip  die, 
such  as  nickel  titanium,   ceramics,  beryllium  copper, 
and  sulfur ized  steel,   to  reduce  wear  on  cable  and 
grip  die,  optimize  the  coefficient  of  friction,  and 
reduce  temperatures  generated  during  gripping. 


3-1-2 


Section  3.2 
CONDUIT 


A  thorough  study  was  made  of  three  alternative  methods  of 
rehabilitating  the  conduits:     reinforcement,  replacement  in 
kind,   and  replacement  using  current  construction  methods  and 
materials.     Reinforcement  was  found  to  be  economically  im- 
practical.    Replacement  in  kind  was  found  to  be  far  more 
expensive  than  replacement  using  modern  material  and  tech- 
nology.    Chin  &  Hensolt  therefore  recommends  replacement  of 
the  present  composite  metal  yoke  and  concrete  and/or  brick 
construction  with  precast  15-  to  20-ft-long  sections,  except 
for  the  nonrevenue  track  on  Hyde  St  between  California  and 
Washington  sts,  which  is  used  only  to  transfer  cars  between 
the  barn  and  the  California  line.     The  new  conduits  would 
provide  a  channel  for  the  cable,  support  and  maintain  proper 
alignment  and  gauge  of  running  rail  and  slot  rail,  and 
include  pulley  supports  and  imbedded  placements  for  pavement 
guards,  which  would  also  act  as  guard  rail.     The  bottom  of 
the  channel  would  have  a   sloping  V-shaped  trough  to  facili- 
tate drainage  and  cleaning.       Channels  containing  crown 
pulleys  and  depression  beams  would  be  standardized  and  could 
be  assembled  in  modular  fashion  for  multiple  installations 
(see  Figure  3. 2. a).     Transition  sections  would  be  poured 
in  place.     The  conduit  would  have  a  closed  top  except  for 
hatches,   so  that  after  installation  of  the  sections  in  the 
street  and  before  installation  of  the  rail  and  hardware  the 
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street  could  be  opened  to  traffic.     The  channel  would  be 
drained  at  approximately  400  ft  centers  and  provided  with 
sand  traps  and  "P"   traps.     The  conduit  would  be  dimens ionally 
stable  and  structurally  capable  of  supporting  H20  loading. 
It  would  be  designed  to  fit  in  the  envelope  of  the  present 
conduit  to  minimize  interference  with  present  utilities,  and 
would  conform  to  San  Francisco  official  grades.     A  raceway 
for  electrical  equipment  would  be  installed  with  the  conduit. 
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Figures 
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Rehabilitation  Design  and  Systems 
Analysis  of  the  Cable  Car  Facilities 

Sector  II:  Systems  Analysis  ol  the  Tracuway 


PRECAST    CONCRETE   CONDUIT  SYSTEM 


FIGURE  3.2.a 


Section  3 . 3 
SHEAVE  AND  TURNTABLE  PITS 


Recommendations  include: 

California  and  Drumm  Sheave  Pit 

Replacement  with  concrete  construction,  including 
removable  roof  section  for  replacement  or  maintenance 
of  sheave  and  an  anteroom  to  hold  sump  pump  and  provide 
safe  access  down  a  ship's  ladder  for  inspection  of  the 
machinery  area. 

California  and  Mason,  California  and  Hyde,  California 
and  Van  Ness,   Hyde  and  Pacific,  Hyde  and  Beach  Sheave 

Pits 

Construction  of  new  roof  with  larger  hatches,  and  addi- 
tion of  anteroom  for  sump  pump  easier  access. 

Bay  and  Taylor  Sheave  and  Turntable  Pits    (see  Figure 
3.  3. a) 

Replacement,  using  concrete  construction,   and  relocation 
10  0  ft  farther  south  on  Taylor  in  order  to  connect  the 
sheave  and  turntable  pits;  an  underground  visitors' 
gallery  could  be  constructed,   at  small  additional  cost, 
to  permit  viewing  of  the  workings  of  the  sheave  and 
turntable  and  provide  access  by  MUNI  personnel;  and 
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Taylor  St  between  Bay  and  Francisco  sts  could  be 
converted  into  an  attractive  landscaped  mall  with 
brick  pavement  and  a  gazebo. 

Powell  and  Market  Sheave  and  Turntable  Pits 
Replacement,  using  concrete  construction,  with  anteroom 
for  sump  pump  and  access  to  both  pits,  which  would  be 
connected . 

Powell  and  Washington  Sheave  Pit 

Replacement,  using  concrete  construction,  with  anteroom 
for  sump  pump  and  easy  access;   cleaning  and  pointing  of 
tunnel  to  barn;   and  installation  of  proper  cable 
supports . 

Also  recommended  for  all  pits  are: 

o     Installation  of  adequate  lighting  and  electrical 
outlets . 

o     Installation  of  sand  traps  at  drainage  sumps,  which 
should  be  located  for  easy  access  and  cleaning. 

o     Installation  of  high-water-level  alarm  annunciated 
at  cable  machinery  room. 

(For  locations  of  pits,  by  recommendations,   see  Figure  3.3.b.) 
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RECOMMENDED  ACTION  

A.  COMPLETE  REPLACEMENT 

B.  REHABILITATION   OF  PIT 
WALL  STRUCTURE  .REPLACEMENT 
OF  ROOF  &  ACCESS  HATCHES. 
INSTALLATION  OF  SUMP  PUMP 
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Rehabilitation  Design  and  Systems 
Analysis  of  the  Cable  Car  Facilities 

Sector  II:  Systems  Analysis  of  the  Trackway 


SHEAVE  AND  TURNTABLE 
PIT  REHABILITATION 


FIGURE  3.3.b 


Section  3.4 

PULLEYS 


3.4.1  Sheaves    (12,    10,    8  ft) 

Recommendations  include: 

o     Standardization  of  material,  using  fabricated  steel 

instead  of  iron  or  cast  steel,   for  quality  control 

and  cost  effectiveness, 
o     Standardization  of  construction,  using  segmented 

spider   (two  sections)   and  rim  (four  sections) ,  to 

facilitiate  installation  and  maintenance, 
o    Application  of  lagging  to  rim,  using  same  material  as 

winder  lagging, 
o     Installation  of  temperature  monitoring  device  tied 

into  centralized  monitoring  system, 
o     Standardization  of  bearings,   using  an  antifriction 

roller  type   (such  as  Timken  or  spherical  roller) , 

sealed  but  capable  of  relubrication ,  and  adoption  of 

automatic  lubrication  system. 

3.4.2  Horizontal  Sheave 
Recommendations  include: 

o     Retention  of  current  design,  except  use  of  machined 
rope  groove . 

o     Standardization  of  bearings,  using  antifriction  rol- 
ler type,  sealed  but  capable  of  relubrication. 
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3.4.3  Crowns 
Recommendations  include: 

o     Standardization  of  material,  using  cast  steel. 

o     Standardization  of  diameter,  using  fewest  possible 
different  sizes  in  accordance  with  grade  configura- 
tion requirements. 

o     Standardization  of  bearings,  using  antifriction 
roller  type  mounted  on  pillow  blocks. 

3.4.4  Carrying  Pulleys 

o     Standardization,  using  Pacific  Av  type,  with 

9-1/2  in.  diameter,   4  in.  flange  face,  cast  steel 
material   (because  it  can  be  repaired  by  welding) , 
and  permanently  lubricated  antifriction  roller  bear- 
ings . 

o     Provision  of  positive  means  of  support  centered 

below  rope . 
o     Investigation  of  feasibility  of  using 

(1)  Hardened  cast  steel  rims; 

(2)  Cast-on  facings  to  be  applied  on  cast  aluminum 
hub ; 

(3)  Tire  pressed  on  cast  steel,  aluminum,  or  non- 
metallic  hub; 

(4)  Hexagonal  shafts  and  bearings  with  hexagonal 
bores,  with  compatible  components,   to  simplify 

servicing  and  replacement  of  pulleys;  and 

(5)  Shelf-item  bearings  designed  for  dirty  environments 
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Section  3 , 5 
DEPRESSION  BEAMS 

Because  the  present  depression  beams  cross  the  slot  and 
therefore  are  inherently  unsafe,  a  concerted  effort  should 
be  made  to  find  another  method  of  depressing  the  cable  — 
for  example,  by  using  fixed  hold-down  pulleys  and  offsetting 
the  track  to  enable  the  grip  to  engage  the  cable  diagonally. 
If  an  acceptable  method  cannot  be  found,  a  new  beam  should 
be  designed  that  operates  freely  without  requiring  rigorous 
maintenance,   resolves  imposed  loads   (whether  H20  or  cable) 
into  direct  stress  at  its  support  points,  and  limits  the 
effects  of  cyclical  loading. 


In  the  meantime ,   the  present  beams  can  be  improved  by  the 
following  measures: 
3.5.1     Powell  Type 

o     Eliminate  all  wood  construction,  replacing  it  with 
steel,   as  in  the  1974  experimental  modification  of 
the  Powell  beam, 
o    Modify  to  conform  with  pulley-support  method  of  1974 

experimental  modification  of  the  Powell  beam, 
o     Install  renewable  rear-support-pin  bronze  bushings 
in  the  beam  and  support  brackets  mounted  in  the 
street;   the  pin  bushings  should  be  replaced  each  time 
a  pulley  is  replaced,   to  ensure  a  snug  fit. 
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o     Check  beam  against  jig  to  ensure  proper  alignment 
before  a  beam  that  has  been  removed  from  the  street 
for  servicing  is  reinstalled. 

3.6.2     Hyde  Type 

Modify  to  conform  with  construction  and  pulley-support 
method  of  1974  experimental  modified  Powell  beam,  and  rede- 
sign attachment  of  arm  to  vertical  leg. 
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Section  3.6 

Each  track  component  should  be  standardized,   and  the  flange 
of  the  cable  car  wheel  should  be  at  least  5/8  in.  deep. 
Other  recommendations  are: 

3.6.1  Running  Rail 

o     Use  of  Trilby   (girder)   rail  throughout  system, 

or  --  if  Trilby  not  available  —  60  lb  Tee  with  a 
pavement  guard  at  least  3/4  in.  thick. 

o     Thermit  weld  rail  sections,  per  A.R.E.A. 

o     Eliminate  all  three  rail  systems,  replacing  them 
with  two  adjacent  conduits. 

3.6.2  Slot  Rail 

o     Use  40-lb  slot  rail  throughout  system,  or  —  if 
40-lb  slot  not  available  —  angle  iron. 

o    Weld  section  butts  or  bevel  in  direction  of  travel. 

o     Redesign  to  eliminate  or  reduce  damaging  effects  of 
emergency  slot  brake. 

3.6.3  Turnouts  and  Crossovers 

o     Replace  present  turnouts  with  units  of  more  standard 
design . 

o     Redesign  curvatures  with  radii  as  broad  as  adjacent 

track  layouts  permit, 
o    Use  cast  manganese  steel  in  switches,  mates,  and 

frogs,  and  construct  them  with  end  connections  that 
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permit  removal  from  track  without  disturbing  rest  of 
turnout;  manganese  steel  castings  are  recommended 
because  the  material  lends  itself  to  welding  repairs 
in  the  track,  and  because  it  restricts  the  growth 
of  cracks  that  occur  with  advancing  age  to  a  slow 
development  instead  of  the  sudden  rupture  typical 
of  other  materials. 

o     Design  mates  and  frogs  with  flange-bearing  f langeways . 

o     Design  all  components  in  accordance  as  much  as  pos- 
sible with  accepted  street  railway  practice,  although 
they  need  not  be  as  heavy. 

o     Design  switch  tongue  with  grooves  and  a  flangeway 
proportional  to  flange  bearing  of  passing  car. 

o     Ensure  conformity  of  all  material  and  workmanship 
with  A.R.E.A.   Specifications  for  Special  Trackwork, 
Appendix  A  --  latest  revision  —  modified  where 
necessary  for  unique  nature  of  turnouts. 
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Section  3,7 
PAVEMENT 


To  facilitate  replacement  of  running  rail  and  slot  rail, 
adjacent  pavement  should  be  asphaltic  concrete,  except  in 
brick  malls.     Materials  commonly  used  for  street  pavement 
adjacent  to  right  of  way  are  suitable  for  the  strip  between 
the  tracks.     Pavement  and  track  should  be  set  to  San  Fran- 
cisco official  grade. 
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Section  3 . 8 
FULL  CURVE'" 

As  many  pull  curves  as  possible  should  be  eliminated  from 
the  system  to  reduce  the  energy  loss  and  safety  hazards 
resulting  from  the  great  difficulty  the  car  has  in  slowing 
down  on  the  curves.     Specific  recommendations  include: 

o     Standardization  of  radii  of  inside  track  and  out- 
side track,  with  a  minimum  of  50  ft  for  the  latter 
if  possible. 

o     Standardization  of  all  pulley-mounting  frames; 

improvement  of  frames  by  redesigning  pin,  bushing, 
and  other  components  for  dynamic  as  well  as  static 
loading . 

o     Use  of  tapered  roller  antifriction  bearings  for 
pulleys,   and  installation  of  automatic  lubrication 
system,  with  temperature  monitoring  tied  into  moni- 
toring system  centralized  in  cable  machinery  room. 

o     Replacement  of  present  chafing  bar  with  Tee  rail,  to 
eliminate  fatigue  effect  of  bolting  or  welding  bar 
to  yoke  . 

o  Investigation  of  possibility  of  using  Teflon  facing 
on  grip  sand  plate,  which  rubs  against  bar. 

o  Investigation  of  possibility  of  facing  pulleys  with 
polymer . 
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Section  3.'.? 
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The  existing  bumper  bars  should,  be  retained  at  the  Powell- 
California  and  Mason- Jackson  cable  crossings,  where  they 
serve  their  original  function  of  protecting  the  superior 
cable.     Elsewhere,   limiting  switches  that  would  automatically 
shut  off  the  winding  machinery  should  be  substituted  for  the 
bars   (for  proposed  location  of  bumper  bars  and  limiting 
switches  see  Figure  3. 9. a).    The  switches  would  be  of  similar 
design  to  the  strand  alarms  and  would  serve  as  strand  alarms 
as  well  as  limiting  switches. 

Since  the  cable  continues  to  travel  about  80  ft  when  the 
power  is  shut  off,   the  switches  should  be  placed  about  100  ft 
before  the  let-go  point. 
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Figures 
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Section  3.10 
TAKE-ROPE  GYPSIES 


The  take-rope  gypsies  at  California  and  Hyde  and  California 
and  Drumm  sts  should  be  retained,  but  those  at  Bay  and 
Taylor  sts  and  on  Hyde  St  between  Washington  and  Jackson 
and  Jackson  and  Pacific  sts  should  be  replaced  with  dips. 
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Section  3.11 
SAFETY  LATCHES 

Use  of  the  present  safety  latch  should  be  continued. 
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Section  3.12 
TURNTABLES 


Since  reconstruction  required  to  overcome  the  defect  of 
the  existing  tables  affords  no  significant  economic  advan 
tage  over  replacement,  we  recommend  installation  of  new  ; 
turntables  with: 

o     Table  surface  of  larger  diameter  to  facilitate 
positioning  of  car. 

o     Double  tracking  to  improve  car  headway. 

o     Rails  closer  to  rim  to  preclude  bending  of  frame 
due  to  impact  of  car  entering  table. 

o     Deck  with  surface  that  matches  adjacent  oavement. 

o     Powered  rotation,  with  manual  redundancy. 
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Section  3.13 
HATCHES 


Recommendations  for  the  hatches  include: 

o     Restrict  weight  to  be  lifted  by  one  man  to 
50  lb. 

o     Use  grating  for  hatch  covers  placed  above  equip- 
ment,  to  facilitate  and  help  assure  inspection  of 
equipment . 

o     Design  covers  so  that  they  cannot  be  dislodged  by 
traffic  and   (where  feasible)  will  remain  open  when 
opened . 

o     Design  single  covers  for  hatches  over  42  in.  crown 
pulleys    and  otner  equipment  of  similar  size,  and 
place  small  hatch  with  grating  in  cover  to  facilitate 
inspection  and  lubrication;   covers  should  be  designed 
for  removal  with  a  hoist  placed  on  a  wrecker  for 
major  servicing  or  replacement  of  pulleys. 

o     Provide  man-hatches  leading  to  ship's  ladder  in 

sheave  pits  with  hinges,  counterweights,   and  locking 
devices,  so  that  cover  can  be  easily  opened  and 
securely  retained  in  an  open  position. 
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Section  .3.14 

ELECTRICAL  EQUIPMENT 

Recommendations  include  installation  of: 

o     More  strand  alarms,   placing  one  about  every  2000  ft. 

o  Centralized  system  to  monitor  bearing  temperature, 
sump  pumps  in  sheave  pits,  winding  machinery  motor 
and  gear  box  temperatures,   and  gear  box  oil  level. 

o     Safety  interlock  switch  for  sheave-pit  hatch  covers. 

o  Adequate  lighting,  120  volt  receptacles,  and  tele- 
phone in  the  sheave  pits. 

o    Mini -computer ,  with  a  high  speed  teleprinter,  which 
would  be  used  to  record  any  abnormal  conditions  in 
the  trackway;   control  lighting,  heating,  and 
ventilation  systems  for  energy  conservation;  monitor 
arrival  and  departure  of  cars,  position  of  cars  in 
system,   and  maintenance  of  equipment. 

o    Automatic  lubrication  system  for  bearings  and  chafing 
bars,  using  the  computer  to  vary  the  lubrication 
interval  as  the  weather  changes . 
See  Attachment  3. 14. A. 
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ANALYSIS  OF  ELECTRICAL  SYSTEM 
FOR  SAN  FRANC  I  SCO  CABLE  CAP,  TRACKWAY 


WAY  3 '  1979 


CHIN  &  HENSOLT 

CONSULTING  ENGINEERS 


The  scope  of  this  report  Includes  all  the  electrical  devices  used  on 
the  track  system,  on  the  cable  system  and  the  safety  or  supervisory 
equipment  on  the  cable  machinery. 


EXISTING  CONDITIONS 

A.     Summa  ry 

The  electrical  components  of  the  cable  and  track  system  consist 
of: 

1.  Traffic  signals  with  preempt  by  cable  cars  nearing  the  inter- 
section . 

2.  Traffic  signals  without  preempt  by  cable  cars. 

3.  Crossbuck  signals   (traffic  lights  for  cable  car  gripmen)  con- 
trolled by  sensors  in  the  cable  slot  or  on  the  turntables. 


k.    Crossbuck  signals  controlled  by  an  employee  in  a  signal  house 
at  Powe 1 1 -Ca 1 i f orn i a  intersection. 


5.  Strand  alarms  to  shut  the  system  down  if  a  strand  breaks  on 
one  of  the  cables. 

6.  Safety  switches  on  gates  to  fenced  areas  in  sheave  room  below 
Washington-Mason  intersection. 

7.  Temperature  sensors  on  cable  machinery  bearings. 


8.     Splice  locating  equipment. 


B.     Traffic  Signals 

Traffic  signals  are  maintained  by  the  Department  of  Electricity 
with  Hetch-Hetchy  maintaining  the  electrical  equipment  in  the 
track.    The  majority  of  traffic  lights  cycle  in  the  normal  manner; 
when  a  cable  car  is  approaching  the  intersection  it  passes  a 
"preempt"  sensor  that  causes  the  traffic  signal  to  advance  to  a 
green  light  for  the  cable  car  and  a  red  light  for  cross  traffic. 
Traffic  signals  remain  green  until  cable  car  has  passed  a  "restore" 
sensor . 
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A  few  of  the  traffic  signals  have  a  "preempt"  sensor  to  give  the 
(.  cable  car  a  green  light  but  the  control  goes  back  to  the  timer  after 

a  time  delay. 

Some  traffic  signals  have  "preempt"  control  in  only  one  direction, 
other  traffic  signals  have  no  "preempt"  and  cable  cars  have  to  wait 
for  a  green  light  with  normal  traffic. 

C.  Crossbuck  Signals 

Crossbuck  signals  are  red  and  green  traffic  lights  in  the  shape  of  a 
cross.    They  have  signs  that  note  that  they  are  for  cable  car  use  only. 
Crossbuck  signals  are  placed  where  cable  cars  cross  each  other,  where 
they  merge  and  at  turntables. 

D.  Traffic  and  Crossbuck  Sensors 

Preempt  and  restore  devices  are  magnetic  switches  mounted  just  below 
the  roadway  to  one  side  of  the  slot.    The  steel  angles  that  form  the 
slot  have  been  removed  on  both  sides  of  the  slot  and  flat  plates  welded 
in  place  to  form  the  slot.     (Area  opposite  magnetic  switch  must  be 
devoid  of  steel.)    When  the  grip  passes  the  switch>a  magnet  inside  the 
switch  is  attracted  to  the  grip.    Magnetic  switches  are  very  simple 
devices  with  no  external  moving  parts  and    require  very  little  main- 
tenance.   A  guide  has  been  mounted  below  the  magnetic  switch  to  keep 
the  grip  from  touching  the  switch.     Electrical  connections  and  switch 
y  maintenance  is  made  in  an  access  box  adjacent  to  the  switch. 

An  earlier  method  of  cable  car  sensing  was  an  insulated  section  of  rail. 
One  insulated  rail  section  is  still   in  use  at  the  Jackson-Kason  inter- 
section.    Original   insulated  rails  utilized  an  insulation  material  that 
broke  down  with  time  and  shorted  out  when  wet. 

E.  Traffic  &  Crossbuck  Signals  by  Intersections 

1 .  California  at  Drumm,  Davi s ,  Front,  Battery,  Sansome,  Montgomery, 
Taylor,  Jones,  Larkin  and  Polk  Traffic  Lights 

No  preempt  either  direction. 

2.  Kearny-Cal ifornia  Traffic  Light 

Preempt  inbound  (CA635)*,  time  restore. 
No  preempt  outbound. 

3.  Grant-California  Traffic  Light 

Preempt  inbound  (CA777),  switch  restore  (CA685) . 
Preempt  outbound  (CA63O) ,  switch  restore  (CA70A) . 

{  *The  identification  number  for  each  sensor  identifies  the  street  and 

the  approximate  mailing  address. 
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^ •    Powell-California  Crossbuck  Lights  S  Traffic  Lights 

-  Manual  operation  of  crossbucks  by  signalman  in  signs!  house. 

California  Street  has  the  superior  or  upper  cable*     Powell  Street 
cars  have  to  coast  thru  intersection.     Intersection  has  traffic 
lights  for  automobiles  that  operate  in  a  k  way  red  flasher  mode 
only. 

5.  Mason-California  Traffic  Light 

Preempt  outbound  (CA910),  switch  restore  (CA1000). 
No  preempt  inbound. 

Outbound  cable  cars  climb  a  steep  hill,  have  a  let  go  at  crest  and 
coast  thru  intersection. 

6.  Leavenworth-Cal ifornia  Traffic  Light 

Preempt  inbound  (CA1 373 ) »  time  restore. 
No  preempt  outbound. 

7.  Hyde-California  Traffic  Light 

Preempt  inbound  (CA1^75)>  time  restore. 
Prrempt  outbound  (CA1370),  time  restore. 

Outbound  cars  have  a  "let  go"  and  coast  thru  intersection.  Normal 
operation  is  for  cable  cars  to  run  on  California  Street  inbound 
and  outbound.    At  end  of  day  cable  cars  turn  onto  Hyde  Street  to 
return  to  barn.     Because  of  cable  car  switching  it  is  not  practical 
to  have  a  restore  switch. 

8.  Beach-Hyde  and  Aquatic  Park  Traffic  and  Crossbuck  Lights 

Crossbuck  light  indicates  to  gripman  position  of  turntable.  After 
outbound  cable  car  enters  intersection, a  preempt  sensor  (HY2788) 
holds  traffic  light  on  green,  changes  a  pedestrian  sign  to  "Wait" 
and  energizes  a  sign  facing  uphill  traffic  on  Hyde  Street  at  cable 
car  entrance  to  Aquatic  Park.     Sign  has  red  flashing  lights  and 
illuminated  letters  displaying;  "STOP-CABLE  CAR  TURNING." 

Inbound  cable  car  loads  passengers  then  moves  forward  to  sensor  (HY2853) 
which  preempts  traffic  light,  energizes  illuminated  sign  and  changes 
pedestrian  sign  to  "Wait."    Cable  car  rounds  pull  curve  then  passes 
restore  sensor  at  end  of  pull  curve.    Restore  turns  off  sign  and 
restores  pedestrian  signs  to  "Walk."    Traffic  light  restores  after 
cable  car  clears  intersection. 

9«    Hyde-Northpoi nt  Traffic  Light 
No  preempt  either  direction. 
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1 0 .  Hyde-Bay  Traffic  Light 

Preempt  inbound  (HY26^3) ,  switch  restore  (KY2573) . 
Preempt  outbound  (HY25^6) ,  switch  restore  (HY2&00) . 
Outbound  cabie  cars  wait  at  Chestnut  Street  for  a  green  crossbuck 
light.     If  cars  leave  on  green  signal,  they  will  arrive  at  Bay 
Street  in  syncron i zat ion  with  normal  traffic  light  cycle.  (Be- 
cause of  heavy  traffic  on  Bay  Street  this  is  an  important  considera- 
tion.)   Two  sensors  (HY2^38  and  HY2^60)  will  give  an  immediate  green 
light  if  outbound  cable  car  is  going  down  hill  at  more  than  cable 
speed.     If  an  inbound  cable  car  has  to  stop  before  it  reaches 
Chestnut  Street,  it  has  to  back  down  to  Bay  Street.    Two  sensors 
(HY25^7  and  HY25^7)  sense  a  car  backing  down  and  preempt  traffic 
signal . 

1 1 .  Hyde-Pacific  Traffic  Light 

Preempt  inbound  (HY1637),  time  restore. 
No  preempt  outbound. 

12.  Washington-Mason  Crossbuck 

Hyde  cars  merge  with  Powell-Mason  cars  at  this  intersection.  Cars 
inbound  down  Washington  Street  trip  a  sensor  (WA1187)  which  gives  a 
red  crossbuck  signal  to  cars  inbound  on  Mason.    As  cars  inbound  down 
Washington  Street,  they  enter  the  intersection  and  trip  a  sensor 
(WA1105)  to  return  the  crossbuck  light  to  green. 

At  the  present  time  cable  cars  leaving  the  barn  and  going  down 
Washington  Street  do  not  pass  a  sensor.    These  cars  must  stop  prior 
to  entering  the  intersection  as  the  crossbuck  light  does  not  indicate 
that  these  cars  are  coming  down  the  hill. 

Cable  cars  inbound  on  Mason  Street  pass  a  sensor  (MA1222)  that 
energizes  a  sign  facing  northbound  automobile  traffic  on  Mason  Street. 
Sign  has  flashing  red  lights  and  illuminated  letters  displaying 
"STOP-CABLE  CAR  TURNING."    Restore  sensor  (WA1060)   is  placed  at 
crosswa Ik. 

1 3 •    Jackson-Mason  Crossbuck 

This  is  one  of  the  two  places  where  the  cable  cars  cross.    The  Mason 
cable  is  the  superior  (upper)  cable.    Outbound  cars  moving  up  Jackson 
Street  have  a  "let  go"  where  they  enter  the  intersection,  then  they 
coast  thru  the  intersection.    A  sensor  on  Jackson  Street,  half  a 
block  from  the  intersection,  turns  a  crossbuck  light  for  inbound  Mason 
Street  cable  cars  to  red.    As  the  cable  car  enters  the  intersection 
an  insulated  rail  returns  the  crossbuck  light  to  green.     It  is  impor- 
tant that  no  Mason  Street  cable  car  be  near  the  intersection  when  a 
Hyde  car  comes  up  Jackson  Street  or  it  will  raise  the  Powell -Mason 
cable  too  high,  thereby  causing  the  Hyde  car's  grip  to  cut  the  Powell 
•'cable. 
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1 k .    Pacific-Mason  Traffic  Light 

Preempt  inbound  (MA1463),  switch  restore  (MA1377). 
No  preempt  outbound. 

1 5 •    Columbus-Mason  Traffic  Light  with  Crossbuck 

No  preempt  or  restore  devices. 

Traffic  light  is  green  for  Columbus  auto  traffic,  then  Crossbuck 
(for  inbound  cable  cars  turning  right),  then  traffic  on  Mason  Street 
including  outbound  cable  cars. 

16.  Powell-Pine  Traffic  Light 

Preempt  inbound  (P0721),  switch  restore  (P0861). 
Preempt  outbound  (P06^) ,  switch  restore  (P0708) . 

17.  Powell-Bush  Traffic  Light 

Preempt  inbound  (P0637) ,  switch  restore  (P0585) . 
Preempt  outbound  (P05^6) ,  switch  restore  (P060A) . 

18.  Powel 1 -Sutter  Traffic  Light  with  Crossbuck 

Preempt  inbound  (P0555) ,  time  restore. 
No  preempt  outbound. 

Signals  are  timed  to  operate  in  sequence  by  the  outbound  cable  car 
stopping  a  prescribed  time  at  Pine  and  Bush  intersections  and  using 
the  Sutter  Street  crossbuck  at  beginning  of  sequence. 

19.  Powell  at  Post,  Geary  and  O'Farrell  Traffic  Lights 
No  preempt  either  direction. 

20.  Powell  at  Ellis  Traffic  Light  with  Crossbuck 
No  preempt  either  direction. 

Automobile  traffic  southbound  on  Powell  has  a  must  turn  right  light, 
cable  cars  have  a  crossbuck  to  continue  toward  turntable. 

! 

21 .  Crossbuck  Lights  at  Turntables 

All  turntables  have  crossbuck  lights  controlled  by  limit  switches 
built  into  the  turntables.    These  lights  indicate  to  the  gripman 
that  the  turntable  has  been  rotated  into  a  position  to  receive  a 
cable  car. 

F.     Strand  Alarms 

Strand  alarms  are  "U"  shaped  frames  mounted  on  electrical  switches  that 
pivot  when  broken  strands  or  debris  on  the  cable  brush  against  the  frame 
The  cable  consists  of  6  strands,  spiral  wrapped  around  a  sizal  rope  core 
Each  strand  is  in  turn  made  up  of  19  wires.    The  overall  diameter  cf  the 
cable  is  1  1M  inches. 
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Strand  alarms  are  spaced  approximately  1  1/2  inches  clear  from  the  cable 
and -are  not  usually  tripped  by  individual  broken  wires.    Strand  alarms 
formerly  had  wires  between  the  forks  to  totally  encircle  the  cable.  This 
technique  has  been  found  to  be  unnecessary.    At  the  present  time,  the 
strand  alarm  encircles  only  two  thirds  of  the  cable. 

Existing  strand  alarms  are  located  where  the  cable  is  steady  and  no 
cable  car  grips  grip  the  cable. 

Strand  alarms  are  the  most  important  safety  devices  in  the  cable  system. 
When  a  strand  alarm  trips,  the  machinery  is  automatically  stopped  and  an 
annunciator  light  indicates  which  strand  alarm  has  tripped.    A  truck  is 
dispatched  to  inspect  the  cable.    Service  is  not  restored  until  the  in- 
spector has  inspected  the  cable,  found  it  safe  to  use  and  radioed  back 
approval  to  restart  the  machinery. 

Wiring  between  strand  alarms  and  barn  (other  than  the  strand  alarms  at 
the  barn)  are  by  the  public  telephone  system. 

Locations  of  strand  alarms  are  as  follows: 

1 .  California  Cable 

Hyde  and  California. 
California  at  Drumm. 
Prior  to  cable  entering  barn. 

2.  Powell-Mason  Cable 

Powell  at  California  where  cable  goes  under  California  cable. 

Powell  at  Ellis. 

Powell  at  Market  turntable. 

Powell  at  Washington. 

Taylor  and  Bay  turntable. 

Prior  to  cable  entering  barn. 

3.  Hyde  Cable 

Hyde  and  Beach  turntable. 
Prior  to  cable  entering  barn. 

G.     Safety  Gates 

Under  the  Washington-Mason  intersection  are  sheaves  for  all  three  cables. 
These  sheave  rooms  are  accessible  from  the  barn  via  a  stairway.     Chain  link 
fences  have  been  installed  that  allow  employees  to  inspect  the  sheaves  and 
equipment  by  looking  through  the  fences.    Three  gates  have  been  installed 
In  the  fences  and  have  magnetic  switches  mounted  on  them  that  shut  down  the 
machinery  if  a  gate  is  opened.     Switches  are  wired  to  an  annunciator  in 
the  barn. 


tcTYi  ft  ASSOCIATES,  INC. 


H .  Bearing  Temperature  Sensors 

Tempererure  sensors  mounted  on  the  machinery  bearings  are  wired  to  a 
control  panel  which  senses  each  bearing  temperature  in  sequence.  If 
the  temperature  is  above  a  preset  temperature,  an  alarm  will  sound. 

I .  Splice  Locating  Equipment 

The  weakest  part  of  the  cable  is  the  splice.     It  is  important  to  know 
where  the  splices  are  in  the  system.    Two  methods  of  locating  splices 
are  used.    The  oldest  method  is  for  the  cable  splicer  to  watch  for  the 
splices  as  they  pass  thru  the  barn,  then  note  the  time. 

The  time  it  takes  for  the  cables  to  run  thru  the  system  is  as  follows: 

Hyde  cable  -  18  minutes,  16  seconds 
Powell-Mason  cable  -  20  minutes,  39  seconds 
California  cable  -  2k  minutes,  51  seconds 

The  newest  method  of  locating  splices  is  to  magnetize  the  cable  50  ft 
ahead  of  the  splice.    The  magnetized  cable  operates  a  sensor  located 
in  the  cable  sheave  rooms  under  the  street  outside  the  barn.    The  sensor 
rings  a  bell,  turns  on  an  indication  light  and  resets  a  clock  to  0  time. 
The  cable  mechanic  hears  the  bell,  observes  the  light  to  determine  which 
cable  splice  is  approaching,  then  inspects  the  splice.    The  clocks  indicate 
the  time  since  a  splice  left  the  barn.    The  clocks  stop  (via  an  interlock 
on  the  main  drive  motor  starters)  when  the  cables  stop.    At  that  time  the 
engineer  can  compare  the  time  clock  with  a  time  noted  on  a  system  map  and 
know  exactly  where  each  splice  is. 

Cable  is  magnetized  by  taking  a  large  permanent  magnet  and  rotating  the 
magnet  around  the  cable  5  times.    The  magnet  is  moved  18  inches  along  the 
cable,  then  rotated  5  more  times.    This  is  done  a  total  of  9  times. 
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EVALUATION 


A.    Traffic  Signals  and  Crossbucks 

Traffic  signals  and  crossbucks  are  in  general  operating  satisfactorily. 
However,  automobile  traffic  in  the  vicinity  of  cable  cars  is  increasing 
and  more  traffic  lights,  signs  and  other  devices  should  be  installed 
for  passenger  safety. 

The  Hyde-Beach-Aquatic  Park  intersection  has  a  fairly  complicated  signal 
system,  however,  this  is  one  intersection  that  still  gives  concern  to 
gripmen.    When  an  outbound  cable  car  arrives  at  Beach  Street,  the 
passengers  disembark  without  regard  for  traffic  lights  or  passing  auto- 
mobiles.   Cars  still  ignore  the  sign  with  flashing  lights  and  move  into 
the  path  of  cable  cars  turning  into  the  park. 


The  California-Powell  intersection  has  traffic  lights  that  are  never 
used  except  as  flashing  red  lights.  Muni  has  tried  several  times  to 
operate  these  lights  automatically  and  has  not  succeeded. 

Cable  cars  inbound  at  Columbus-Mason  and  outbound  at  Columbus-Taylor 
make  right  turns  from  center  lanes.  Double  red  flashing  lights  with 
signs  directing  automobile  traffic  not  to  pass  the  cable  cars  should 
be  installed  at  these  intersections. 

B.  Strand  Alarms 

As  soon  as  a  strand  breaks,  the  cable  should  be  stopped.     If  the  cable 
keeps  moving,  the  broken  strand  unwinds  and  bunches.    The  bunch  can 
damage  equipment  and  can  snag  a  cable  car's  grip.     It  is  important  that 
additional  strand  alarms  be  installed  so  the  maximum  spacing  between 
strand  alarms  is  2000  feet. 

Many  of  the  additional  alarms  will  have  to  be  designed  with  an  upright 
fork  so  the  cable  can  be  lifted  up  from  between  the  tangs  by  the  grip 
as  it  passes  above  the  strand  alarm.     Pulley  would  have  to  be  carefully 
placed  so  grips  do  not  cause  nuisance  tripping. 

C.  Safety  Switches  on  Access  Gates  and  Hatches 

Fences  and  safety  switches  have  been  placed  carefully  in  the  sheave 
rooms  under  the  Washington-Mason  intersection.     Employees  are  able  to 
safely  walk  thru  most  of  the  area  and  inspect  the  equipment.    When  one 
or  more  cables  are  out  of  service,  their  individual  gate  can  be  opened  and 
employees  can  work  on  that  cable  in  safety. 

Sheave  pits  and  turntable  pits  do  not  have  safety  switches  on  their  access 
hatches.     Safety  switches  should  be  installed  at  all  hatches. 

D .  Temperature  Sensors 

Temperature  sensors  are  only  installed  on  bearings  in  the  barn. 
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Monitoring  bearing  temperatures  is  a  good  way  to  monitor  bearing 
condition.     Bearings  on  tap  sheaves  and  bend  sheaves  under  the 
streets  ere  not  monitored.    When  one  of  these  bearings  binds  the 
result  can  cause  increased  wear  on  cable  and  overload  the  main  drive 
motor.    Temperature  sensors  should  be  installed  on  these  sheaves. 

E.  Splice  Locating  System 

It  is  important  that  the  location  of  the  splices  be  known  whenever 
the  system  is  stopped  by  a  strand  alarm.     It  is  also  important  that 
the  cable  mechanics  observe  the  splice  as  it  passes  thru  the  barn. 

Each  night  after  the  last  car  comes  back  to  the  barn,  the  cable  mechanics 
examine  each  splice. 

The  system  was  designed  and  installed  by  NASA  and  is  still  being  refined 
by  NASA.     NASA  is  working  with  Muni  on  the  installation  of  sensors  in 
the  cable  car  grips  that  would  sense  the  magnetized  cable  and  ring  a 
bell  to  indicate  to  the  gripman  that  a  splice  is  coming  and  not  to 
grip  the  spl ice. 

The  following  deficiencies  were  noted  as  this  report  was  being  written 
(NASA  is  still   improving  the  system): 

1.  Often  there  is  no  time  to  magnetize  the  cable  during  the  shutdown 
time  after  a  new  cable  is  installed. 

2.  Synchronization  of  the  time  clocks  with  respect  to  splice  location 
is  lost  whenever  the  system  is  operated  at  reduce  speed  (kO  -  50%). 

3.  Cables  have  to  be  remagnetized  twice  a  week.    The  California  cable 
holds  its  magnetism  very  well,  the  Hyde  cable  holds  its  magnetism 
fairly  well,  but  the  Powell-Mason  does  not  hold  its  magnetism. 

F.  Bumper  Bars 

At  the  present  time  if  a  gripman  does  not  "let  go"  of  the  cable  at  a 
"let  go",  the  rising  cable  lifts  a  bumper  bar  which  causes  a  pulley  to 
turn  against  the  cable  and  a  bell  rings.     If  the  gripman  still  fails  to 
"let  go",  the  bumper  bar  forces  the  cable  out  of  the  grip.     Both  grip 
and  cable  are  usually  damaged  by  this  action. 

G.  Sheave  Pits 

At  the  present  time  there  are  very  few  electrical  devices  in  the  sheave 
pits.    The  devices  in  the  sheave  pits  are  as  follows: 

1.  Some  have  strand  alarms  that  must  be  reset. 

2.  Some  have  lighting  in  them. 

3.  One  has  a  sump  pump.  >. 


-9- 


AAZZETTI  &  ASSOCIATES.  S|IC 


JiECOHMENDATIONS 

A.  Genera  j 

One  weakness  of  the  present  system  is  the  lack  of  records  of  main- 
tenance, breakdowns,  shutdowns,  loading  of  system,  etc. 

B.  Additional  Safety  Devices 

To  increase  the  safety  and  to  aid  in  the  maintenance  of  the  system, 

it  is  recommended  that  the  following  additional  supervisory  devices 

be  installed: 

1.  Additional  strand  alarms. 

2.  Monitor  all  bumper  bars. 

3.  Monitor  all  bearing  temperatures. 

k.  Safety  switches  at  sheave  pit  hatches. 

5.  High  water  alarms  and  sump  pumps  in  sheave  pits. 

6.  An  audible  alarm  in  all  sheave  pits  to  indicate  that  the  cable 
is  about  to  start. 

7.  Monitor  motor  temperature. 

8.  Monitor  gearbox  temperature. 

9.  Monitor  gearbox  oil  level. 

10.  120  volt  receptacles  in  pits  for  maintenance. 

11.  Telephones  in  pits. 

12.  Lighting  in  all  pits. 

C.  Annunciation  and  Control 

The  existing  annunciators  are: 

1.  A  drop  annunciator  for  annunciation  of  safety  devices  in  sheave  pit 
under  the  Washington-Mason  intersection. 

2.  8  drop  annunciator  for  strand  alarms  wired  back  to  the  barn  via  the 
public  telephone  system. 

The  additional  devices  that  should  be  monitored  will  require  at  least 
100  drop  annunciator. 
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It  Is  recommended  that  a  mini  computer  be  installed  rather  than  an 
annunciator  because  of  the  flexibility  and  additional  features  that 
a  mini  computer  can  perform.     It  is  not  intended  to  have  the  computer 
run  the  cable  car  system,  rather,  the  computer  would  aid  in  the  manual 
operation  of  the  system  with  only  a  few  automatic  subsystems. 

The  computer  would  be  furnished  with  a  high  speed  teleprinter  to  record 
any  abnormal  conditions,  complete  with  time,  location,  etc.  Remote 
terminals  can  be  provided  in  managerial  offices  for  multi-location 
observation  of  track  and  system  conditions.    This  system  could  also  be 
used  to  control  lighting,  heating  and  ventilation  systems  for  energy 
conservation,  supervision  of  arrival  and  departure  times  of  cars, 
position  of  cars  on  the  system  and  to  develop  a  preventative  maintenance 
program  by  recording  actual  operating  times  of  equipment  and  comparing 
to  recommended  maintenance  schedules.     In  addition,  a  central  graphic 
panel  can  give  a  constant  visual  view  of  the  system  or  the  remote 
terminals  can  be  provided  with  capability  to  give  a  color  display  of 
system  conditions.     For  example,  any  red  colored  display  would  indicate 
a  trouble  mode. 

D.  Raceway  System  in  Trackway 

Because  of  the  amount  of  additional  safety  devices  that  should  be  in- 
stalled along  the  trackway,  it  is  recommended  that  raceway  systems  be 
installed  parallel  to  the  cable  slots  as  the  trackway  is  rebuilt.  One 
raceway  system  would  be  for  data  gather ing, another  for  voice  communica- 
tion.    It  is  recommended  that  the  public  telephone  system  not  be  used 
for  supervision  of  safety  devices  in  track  system. 

E .  Automatic  Lube  System 

An  automatic  lube  system  can  be  installed  so  all  the  bearings  and  chafing 
bars  on  the  pull  curves  can  be  lubricated  at  a  set  interval.    The  computer 
can  vary  the  interval  as  the  weather  changes. 

F.  Automatic  Indication  of  System  Overloading 

The  electrical  load  on  the  main  drive  is  a  good  indication  of  the  track 
system  maintenance.    The  computer  can  monitor  a  watt-hour  meter  and 
mathematically  calculate  the  average  daily  load.  . 

G .  System  Emergency  Shutdown  by  Gripman 

It  is  recommended  that  a  wireless  system  be  installed  so  a  gripman,  in 
an  emergency,  can  push  a  button  on  the  cable  car  and  stop  the  cable. 
The  signal  should  be  coded  so  the  cable  car  can  be  identified.  Whether 
a  single  receiver  can  be  in  the  barn  or  whether  receivers  should  be 
installed  along  the  track  system  should  be  investigated. 

H .  Common ? cation  with  Cable  Cars 

Radios  should  be  installed  so  a  gripman  can  call  for  assistance  when 
he  has  a  problem  and  can  not  proceed. 
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I .    Traffic  Lights 

It-  is  re commended  that  the  traffic  lights  at  many  of  the  intersections 
be  completely  reevaluated.    The  number  of  automobiles  in  the  vicinity 
of  the  cable  cars  in  increasing.    This  creates  the  need  for  more  complex 
signal  and  traffic  control  systems. 
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Section  3.15 


ENERGY 

To  conserve  and  make  the  most  efficient  use  of  energy,  we 

recommend : 

o     Investigation  of  reducing  current  9.54  mph  cable 
speed  to  previous  California  cable  line  speed  of 
7  mph,  to  reduce  energy  requirement  to  about 
25  percent  of  present  energy  requirements. 

o     Replacement  of  the  California  line's  Hyde  St  nonreve- 
nue  track  --  which  is  used  solely  to  transfer  cars 
between  the  barn  and  California  St  at  the  beginning 
and  end  of  each  day's  operations  —  with  a  3000  ft 
independent  loop  driven  by  a  satellite  power  unit 
that  would  operate  only  on  demand   (salvaged  cable 
could  be  used) ,   in  order  to  eliminate  the  equivalent 
of  four  90°  bends  --  this  would  reduce  the  driving 
force  for  the  California  cable  by  at  least  10  percent 
and  extend  the  life  of  the  California  cable  (see 
Figure  3 . 1 5. a) . 

o     Rereeving  of  Powell-Mason  line  cable  to  reduce 

distance  between  center  of  load   (Powell  St  grade)  and 
winding  machinery  and  effect  an  estimated  10  percent 
reduction  in  the  cable  driving  force  for  the  Powell- 
Mason  loop   (see  Figures  3.15.b,c);  or  study  feasibility 
of  dividing  Powell  and  Mason  ropes  to  reduce  driving 
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force  by  an  estimated  20  percent  (see  Figure  3,15.d) 
however,   this  will  require  use  of  four  cables  on 
winding  machinery  and  the  addition  of  one  tension 
carriage . 

Study  of  feasibility  of  removing  as  many  pull  curves 
as  possible;   for  example,  by  continuing  the  line  on 
Mason  St  from  Columbus  Av  to  Fisherman's  Wharf. 
Installation  of  automatic  lubrication  system  for 
pulleys  and  sheaves. 
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PACIFIC 


JACKSON 


WASHINGTON 


CLAY 


SACRAMENTO 


CALIFORNIA 


PROPOSED    SATELLITE  LOOP 


FIGURE  3  15.a 


EXISTING   POWELL  -  MASON   CABLE    REEVINO    AT  PROPOSED  POWELL-  MASON  CABLE  REEVING 

WASHINGTON  4  MASON  AND  WASHINGTON  &  SCHEME 

POWELL 


FIGURE  3.15. b  FIGURE  3.15. c 


INDIVIDUAL  POWELL  CABLE  &  MASON  CABLE 
REEVINO  SCHEMS 


FIGURE  3.15. d 


Figures 
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Section  3.16 
TESTING  AND  EVALUATION 


The  decision  to  introduce  modern  materials  and  technology 
into  the  cable  car  system  depends  on  the  benefits  revealed 
as  a  result  of  testing  and  evaluation.     Materials  to  be 

tested  and  evaluated  include: 

o     High  molecular  weight  polymers  for  sheave  and 
pulley  lagging  and  pulley  facings,  hubs,  and 
bearings . 

o     Special  alloys  for  grip  dies  and  wheel  rims. 

o     Lubricants  for  the  cable,  cable/sheave  interface, 

cable/grip  interface,  and  bearings  for  service 

in  a  dirty  environment. 

Testing  and  evaluation  of  products  involving  polymers, 
alloys,  or  lubricants  require  a  team  of  designers  and  mate- 
rial specialists  working  with  material  manufacturers.  The 

designers  will  produce  drawings  and/or  specifications, 
including  loading  and  service  environment,   for  the  materials 
to  be  tested.     The  specialist  will  make  a  preliminary  mate- 
rial selection  for  evaluation  and  identify  manufacturers  of 
specific  materials.     The  material  manufacturer,  having  inti- 
mate knowledge  of  his  product's  properties  and  service  range, 
will  be  invited  to  submit  products  for  evaluation  under 
service  conditions. 
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Appendix 
On-site  Inspection  Records 
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